





GAS JOURNAL 
November 11, 1936 


411 


Gas Journal 


NOVEMBER 


ll, 1936 








Vol. 216 


88th Year 


No. 3834 








Editorial 
The Research Meeting 


We think that all will share our view that the Autumn 
Research Meeting of The Institution of Gas Engineers 
held in London last week was by far the most successful 
of its kind and that it was the source of well-founded 
hope for the future welfare of our Industry. The Re- 
ports and Papers presented came from all sections of the 
Industry. We shall refer in more detail to these later, 
and at the moment will content ourselves by saying that 
the information contained in them is of immediate prac- 
tical application. The Communications came from re- 
searches sponsored and directed by the Institution, from 
researches of individual undertakings, and from the re- 
search laboratories of the manufacturers of. gas-using 
equipment. They typified the community of interests 
in the Industry. In regard to the discussions, while 
organization may be desirable to ensure keen interest 
and to make the meeting most profitable, there is the 
danger that *‘ engineering,” if carried too far, will lead 
to the crowding out of some who may be anxious to 
participate informally, and will lend an air of artificiality 
to the proceedings. We feel that many of those present 
at the meeting will find certain of the contributions 
easier to follow in print in the “* JournaL ”’ than they 
were to comprehend at all fully at the meeting itself. 
To our mind, the change which has been made in the 
focus of the research work in our Industry will prove 
of the utmost benefit. Two very important changes 
have taken place. We have reached the end of an era 
when rapid strides were made in the technical efficiency 
of gas manufacture and utilization. Our real interests 
should be concentrated on questions of quality, utility, 
and economy of labour rather than on mere thermal 
efficiency. A few years ago the thermal balance-sheet 
was the central feature of many of the Industry’s re- 
searches. Happily it has been realized that the staff 
working for the Research Executive Committee of the 
Institution need no longer examine existing established 
methods, and that they may be employed more profit- 
ably investigating new problems. A much longer view 
is being taken, and it is obvious that the Committee now 
hokis a much more courageous belief that the Gas 
Industry is more research-minded. Work is to be 
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carried out at Leeds University on the question of gas 
quality in relation to utilization; and this work now 
links up directly with the other work to be done on gas 
manufacture by the Institution. The latter investiga- 
tion is looking ahead to see what new processes of manu- 
facture in five, ten, twenty, or thirty years may become 
practicable. At the same time, we need information us 
to how the new type of gas, whatever it may be, is 
going to affect—as it will affect—the utilization prob- 
lem. It is not enough to produce so many therms of 
some type of gas. Specific gravity and flame velocity 
have a very important bearing on the behaviour of gas 
appliances. We have at present, as was pointed out at 
the meeting by Mr. C. A. Masterman, no means of ex- 
pressing gas quality in relation to its proper utilization, 
yet we must know how to express it. It is a question not 
of calorific value, but of a combination of specific gravity 
and flame velocity; and when we can express it quantita- 
tively we can discuss the manufacturing process and 
what range of gas it will produce, and how that range 
will fit in with appliances as we now have them or us 
they are to be developed. 

As we have said, we shall refer later in more detail to 
the Communications presented at the Institution meet- 
ing, but we must repeat that the information given is of 
immediate practical application. As example, the Paper 
on the formation of nitrogenous gum during storage and 
distribution of gas is a triumph of team-work organized 
scientific research over a considerable period, and the 
conclusions drawn are striking in their simplicity. + This 
highly complex technical problem has been tackled with 
outstanding success. Again, the Report on the removal 
of sulphur compounds from town gas is notable for its 
simple and direct conclusions. ‘‘ An all-round reduction 
of the sulphur content of town gas down to 10 gr. per 
100 cu.ft. would represent an immediate advance which 
is both possible and strongly to be reeommended.’’ The 
elimination of both gum and sulphur are pressing prob- 
lems; and there can be no doubt that supply of a gas con- 
taining little or no sulphur would enormously increase 
its scope in both home and industry. The “ Journat ” 
to-day contains extracts from the various Communica- 
tions and a full report of the discussions at the various 
sessions of the Research Meeting. 
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The S.B.G.I. 


Ir is presumably by design that the Autumn Meeting 
of the Society of British Gas Industries has fallen in 
recent years in the same week as the Institution Research 
Meeting, but it would be very undesirable if for this 
reason there should be any diversion of interest in the 
Industry in general from the proceedings of the Society. 
It is the national body representing, and voicing for the 
benefit of the Industry, the views of a most important 
section, and various factors which need not now be 
discussed have contributed to the undeniable access of 
prestige which has been enjoyed by the Society in the 
past year or two. For the progress of the Industry, and 
consequently for the well being of its component parts, 
it is essential that full recognition be given to the ser- 
vices which the contractors have rendered to the Indus- 
try in the past, but still more to their undoubted quali- 
fications for sharing in the guidance of affairs in the 
dour struggle which lies ahead. 

We hope, particularly for these reasons, that the 
Address to the meeting of the Society last Thursday by 
the Chairman of the Council, Mr. F. B. Richards, will 
be carefully studied by those who were not present. It 
is printed in full in other pages of this issue, and we can 
unhesitatingly commend it as worth far more than a 
casual reading. The broad outlook of Mr. Richards’ 
firm is well known; it is among a number of Gas In- 
dustry firms whose services to the nation are recognized 
far beyond the confines of the Industry itself; from Mr. 
Richards himself the Industry would, in fact, accept 
much which it might be disposed to question elsewhere. 
It therefore behoves us all to pay particular heed to 
what he had to say on this occasion, which he decided 
was an opportune moment to try to see where we are, 
whither we are going, and how we are going to get there. 
Though the Society gives its chairmen a free hand, and 
declines as a body to accept responsibility for the state- 
ments made or opinions expressed in their Addresses, 
there will be few members who do not endorse the views 
given on this occasion, and there-can be few in the In- 
dustry outside the Society who are complacent enough 
to argue that all is well, and Mr. Richards consequently 
all wrong. 


The Urgent Need to Plan 


As we read Mr. Richards’ main thought on the general 
organization of the Industry, it is that normal evolu- 
tion will not by any means meet the needs of the time. 
Much has been done, but the haphazard methods of the 
past will have to give way to much more drastic collec- 
tive action in the direction of planned development. 
The Industry cannot avoid its obligations to the public. 
Unless it organizes itself to give the best possible service, 
unless it looks ahead and plans well in advance to this 
end, what will happen? Mr. Richards quotes the ex- 
amples of the steel, coal, and electrical industries, in 
each of which to a considerable degree uncontrolled in- 
dividualism has been adjudged a failure and by economic 
necessity has been superseded by some form of regulated 
and co-ordinated effort. In each of these three great 
industries some form of Government intervention has 
been brought to bear in the foundation of plans for 
re-organization, and the implication is that in our own 
case, if voluntary organization does not satisfy the stan- 
dard demanded in the name of public welfare, there may 
be thrust upon us some form of organization which we 
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do not desire at all. And is there not perhaps a stil) 
more grim alternative which, even if it was not voiced 
by Mr. Richards, must be visualized as a possibility jy 
view of the extraordinary hold which the electric'ty jp. 
dustry has upon the imagination of politicians and public 
alike? It is that, if our organization is not so pianned 
ahead as to continue to satisfy the said standarii, oy 
Industry might be allowed, by Government and _ public 
alike, to fall by neglect further and further into the 
background. 

It is clear that the contracting side collectively can je 
of immense assistance not only in research which Mr. H, 
James Yates and others have so carefully fostered, not 
only in collaboration for the solution of technical prob. 
lems which Mr. Richards so rightly stresses, but that jt 
has also a wealth of experience and wisdom to contri- 
bute to the counsels of the Industry in the planning of 
future organization. It was undoubtedly in recognition 
of this fact among others that there was brought into 
being the British Gas Federation, of which, as Mr, 
Richards reiterated, the S.B.G.I. is proud to be a con. 
stituent member. He is satisfied, we note, with the pro- 
gress towards activity which the Federation has shown 
up to the present, feeling quite rightly that a little slow. 
ness in getting to work is preferable to an excess of zeal 
which might prove disastrous in the early stages. We 
must ourselves, however, confess to some small disap- 
pointment in our feeling that the Industry as a whole 
has not fully grasped the potentialities of such a body, 
and has not yet taken the Federation so entirely to its 
heart as would, in our opinion, have been wise. It is 
clear that any undue push from within by any of the 
individual member bodies might, as Mr. Richards sug- 
gests, have savoured of a desire to usurp the functions of 
the others, and for this reason they naturally have 
stepped warily, and will continue to do so. But there 
are surely problems, such as those of organized plan- 
ning, affecting the future of the whole Industry to such 
an extent that it should be the desire of what may be 
called the rank and file to have them taken in hand by 
a body which comprises the entire available brain power. 
We feel that the full usefulness of the Federation will 
come only from a general realization of its potentialities 
and a general demand that it be put to uses of which 
it is capable; and the sooner the better. 


Development and Service 


Ir we might refer to one other point which Mr. 
Richards stressed, and which it seems desirable should 
not be missed by the operating side of the Industry, it 
is his insistence upon the importance of a continuation 
of fair prices between contractor and purchaser. Per 
haps insistence is too strong a word, because naturally 
in his position Mr. Richards stated the case with ex- 
treme moderation. But he points quite clearly to the 
dangers of a situation in which the contractors, with 
costs of material and labour rising steadily against them. 
are faced with the prospect of having to sell increasingly 
to grouped gas undertakings who, as large buyers, wil 
probably seek to obtain special terms. Free competi: 
tion on the contracting side has always been a strong 
influence in ensuring for the gas undertakings a supply 
of first-class material at economic prices, and they have 
never, we believe, had to contend with the seriou: 
problem of rings and combines against them which have 
existed in other industries. Mr. Richards’ appeal for 
mutual confidence and the finding of a satisfactory for- 
mula in this matter rests, therefore, upon a very sound 
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basis, and there will be general agreement that it would 
be disastrous to curtail the development work and ser- 
vice by Which the contractors have made, and are mak- 
ing, such enormous contributions to the Industry’s well- 
being 

There is one passage of the Address which strikes us 
as curious—that it should still be necessary for the Chair- 
man of the S.B.G.I. to “* invite those members of the 
contracting side who have not yet joined us to cast in 
their lot with us.”’? It is hardly open to doubt that the 
growing prestige of the Society and its capacity under 
modern conditions for increasing service must eventu- 
ally bring application for membership by almost every 
eligible firm. But the reason for delay is a mystery 
to us when the advantages of membership appear to 
stand out so clearly. Has not the wish even been ex- 
pressed in public by gas engineers that member firms 
should display the badge of this Society—surely a clear 
enough hint of the value which the customer places upon 
membership? But apart from this quite elementary 
appeal to the commercial sense of potential members, 
there would seem to be every reason why they should 
wish to make the Society one hundred per cent. repre- 
sentative of their particular interests within the Gas 
Industry, and it surprises us that the point should still 
have to find a place in the Chairman’s Address, even if 


a good many of the gaps have been closed since last 


year. 


The New Session 


Tue new Session of Parliament will be memorable in 
history as the first one inaugurated by our present King. 
As indicated by the Gracious Speech from the Throne, it 
is probable that a large amount of Parliamentary time 
will be devoted to foreign affairs, while the main domes- 
tic interest will no doubt be centred in the joyous occa- 
sion of the Coronation. It is clear from the speech, 
however, that a full programme of domestic legislation is 
to be undertaken by the Government, and our Industry 
will be affected, directly or indirectly, by many of the 
measures in contemplation. 

Foremost in importance is the eagerly awaited Bill 
for the reorganization of the coal industry, the main 
purpose of which is to deal with coal royalties and the 
amalgamation of coal mines. It is hardly necessary to 
remind our readers that the new Bill will be in substi- 
tution of the Bill which was withdrawn by the Govern- 
ment during last Session. The negotiations between the 
Mines Department and the Gas Industry during the 
consideration of the first Bill were fully reported in the 
* JourNAL,”? and it is satisfactory to know that the 
pledges then given by the Government will be imple- 
mented in the new Bill. Chairmen of legal qualification 
have already been appointed for each of the District 
Committees of Investigation, and it is to be assumed 
that the new Bill will repeal the existing procedure regu- 
lating appeals to these Committees, and render them 
appropriate Tribunals for the hearing of questions with 
regard to which a speedy and binding decision is essential. 
It is felt that the provision of a satisfactory means of 
obtaining redress will mitigate, to a certain extent, any 
hardship to coal consumers which may be caused by the 
coal selling schemes. 

Hardly less important will be the new Factories Bill 
which will consolidate, with amendments, the various 
enactments relating to factories. The existing law re- 
lating to such matters as the health, welfare, and safety 


| of workers in factories (which includes gas works) has 


no! been revised since the passing of the Factories Act, 
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1901, and there is a general measure of agreement that 
the new Factories Bill will constitute a useful piece of 
social legislation in the progress of the National Govern- 
ment. It may be taken for granted that the Govern- 
ment, while desiring to secure a reasonable measure of 
comfort for the workers, has no wish to hamper unduly 
the rising tide of industrial prosperity. 

The Industry also awaits with interest the Bill under 
which certain main county roads will be transferred to 
the Ministry of Transport. The necessity is clear enough 
of taking every possible step to ensure that the Industry 
obtains a fair share in the lighting of these roads. Where 
the transferred roads are to be widened or improved, it 
will no doubt be necessary to obtain suitable protection 
for mains and pipes, and the case for full use of British 
road tar may have to be stressed in proper quarters. 

While the Industry will welcome the promise of 
vigorous action regarding slum clearance, undertakers 
throughout the country will be prepared to renew their 
efforts to secure that gas plays its proper part in the 
new premises to be erected for the transferred slum 
dwellers. Parliament has on many occasions expressed 
approbation of the principle that tenants should have 
freedom of choice as between gas and electricity. Most 
of these tenants have used gas in the past, and will be 
anxious to retain the efficient and economical service to 
which they have become accustomed. 

Two other points of minor interest may be noted. The 
Government propose to introduce legislation for the 
purpose of regulating Unit Trusts. It is to be assumed 
that this legislation will be based upon the recommenda- 
tions of the Departmental Committee.on Fixed Trusts 
which issued its report in July last. The Report, the 
main feature of which is that Unit Trusts should be 
registered and that certain particulars regarding such 
Trusts should be filed, was fully described in the 
** JouRNAL ”’ at the time of its issue. 

Another Bill will deal with railway freight rebates. 
Such a Bill has been made necessary by recent decisions 
which have led to the substantial reduction of the assess- 
ment of the Railway Companies for rates. It will be 
remembered that railways were de-rated on condition 
that the benefit of de-rating should be given to certain 
classes of traffic. These classes included some coal, but 
not gas coal. The remission of a substantial proportion 
of the Railway Companies’ liability for rates will natur- 
ally render de-rating inapplicable, and thus the traffics 
which formerly derived benefit from de-rating will suffer. 
The possibility of legislation on the subject may render 
it possible to reopen the whole question of railway rates 
on coal. The question is, of course, extremely compli- 
cated, as it involves the whole system of road and rail 
transport. .There would, however, appear to be little 
justification for restricting to certain classes of coal bene- 
fits to be granted in connection with railway rates. 


e 

Gas Journal Shewring Fund 

Donations are invited to the Fund, full particulars of which were 
given in the “JOURNAL”? for July 22. The Management of the 
Fund is in the hands of Messrs. F. G. Shaw (Buxton), W. W. 
Townsend (Colchester), and J. Bridge (Elland). All expenses 
having been guaranteed, the whole of the sums received will be 
applied, without any deduction whatsoever, to the benefit of the 
widow and children of Harold Shewring, by whose tragic death 
earlier this year they were left in distressed circumstances. 

Cheques should be made payable to the ‘GAS JOURNAL,” 
and crossed “‘Shewring Fund Account.” All donations will be 
gratefully acknowledged by the Editor, who is Treasurer to the 
Fund. 
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OBITUARY 


J. C. WALKER. 


His many friends in the Gas Industry will learn with pro- 
found regret of the death, at the comparatively early 
age of 48, of Mr. J. C. Walker, General Secretary of the 
British Commercial Gas Association. His health had for 
some time past been a cause for concern, and on Novy. 5 
he underwent an operation from the effects of which he 
never recovered. 





Any account of Mr. Walker’s career must be synonymous 
with tne history or tne Association to whose advancement 
his enthusiasm and energy were devoted througnout its 
quarter of a century of existence. During that period he 
served the Association unsparingly, becoming in turn 
Assistant Secretary in 1912, Secretary in 1920, and General 
Secretary in 1932. Born in 1888, he joined the stait of 
the Gas Light and Coke Company at the age of fourteen, 
being appointed to the personal staff of the Chief Inspector 
(then Mr. F. W. Goodenough, who subsequently became 
Controller of Gas Sales). Mr. Walker was responsible, 
under Mr. Goodenough, for the Company’s advertising 
which was initiated in 1906, until he joined the staff of the 
newly-formed B.C.G.A. six years later. 

His work for the Association and the Gas Industry 
generally was carried out without self-advertisement, but 
was none the less valuable for that.. The last important 
piece of work for which he was responsible was the organi- 
zation of the Scottish Office for the National Bodies, and 
it was typical of his character that, in spite of ill-health, 
he carried on uncomplainingly to the last. 

Mr. Walker will be greatly missed both by his colleagues 
at Gas Industry House and by all those in the Industry 
with whom he came into contact, whose sympathy will be 
extended to his widow and family. 


An Appreciation by Sir Francis Goodenough. 


The tragic and untimely death of our friend and col- 
league, Walker, has deeply shocked and saddened each and 
every one of us, and in our own, great loss our sympathy 
goes out in full measure to his widow and family, to whom 
he was so deeply devoted. 

During the whole of the twenty-five years he was with 
the B.C.G.A., ** J.C.W.,’’ as he was known to his colleagues 
at Headquarters, gave of his best, and it would be difficult 
to over-estimate his valuable services to the Association in 
particular and the Gas Industry in general. 

His loyal and steadfast character and ability won the 
respect and sincere regard of all who knew him. He was a 
man of great courage and kindliness, and his indomitable 
spirit and determination to fulfil his arduous duties while 
suffering serious ill-health will ever be remembered, for in 
that he was nothing short of a hero. His real concern was 
always that his job should be well done. He will be very 
sadly missed both in official and private life. 


By J. R. W. Alexander. 
The life and early death of James C. Walker (‘‘ Jim,”’ 


to his intimates) irresistibly reminds one of Montaigne’s 
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mariner, who, in a great storm, cried—‘‘ O God, ‘hoy 
shalt save me if Thou please, if not, ‘Thou shalt lose me: 
yet will 1 keep my rudaer true.”’ ; 

For some years Walker had suffered (few know how 
much) trom the worst of all human adversities—ill-he. Ith; 
yet he continued, such was his indomitable spirit, to dis. 
charge, without ‘complaint and with no diminution of 
energy, his ever-increasing responsibilities as Geueral 
Secretary of the British Commercial Gas Association. 

When we travelled together, as often we did and quite 
recently to Ireland, I got him to talk of people and events 
in his early days with the Gas Light and Coke Company 
and of the birth, in the arms of ‘he Institution ot Gas 
Engineers, and development of the British Commercial 
Gas Association. Its recent Twenty-Fifth Anniversary 
Conference, which saw the Association as the greatest of 
its kind in industry, he was spared to organize, although 
those of us who knew him well could but observe that he 
was @ sick man. 

When thus reminiscent (how interesting and informative 
he was) Walker showed that, in addition to fidelity, he 
possessed the virtues of sound judgment and of wit free of 
malice. He told a good story, but was never heard to 
speak ill of any man. Peace loving, yet always ready to 
uphold what he conceived to be right, his efforts for co- 
operation throughout the Industry were always manifest 
and will be not the least attribute for which he will be re- 
membered. 

Of his ability and of his outstanding service to the Gas 
Industry in general and to his Association in particular, it 
is appropriate that others should speak, for I could only 
qualify an enthusiastic tribute to him in this respect by 
observing that the Industry is fortunate in having had so 
many able men devoted, without thought of self, to its 
service. 

We who are privileged to serve the Central Gas Organi- 

zations have lost a true friend and a loyal colleague, one 

with whom it was a joy and an inspiration at all times to 
work. Each of us tenders his sincere sy mpathy to Mrs. 
Walker and her family and says farewell in the spirit of 
Burton’s words—‘“‘ Friend of my youth, a last adieu! haply 
some day we meet again.”’ 


By W. J. Smith. 


The lamented death of our friend J. C. Walker at such 
an early age, serves to bring home to us what a large 
part of our life is spent with our office colleagues. Walker 
and I have known each other for over thirty years, during 
the last twenty of which we have exchanged views and 
information almost daily with the utmost frankness and 
cordiality, 

He was a man in whom one could place implicit trust, 
and his judgment was always sound. -All those who had 
the privilege of working with him at this office realized 
that his first objective was to serve the Industry to the 
utmost of his ability, and the work which he accomplished 
will perpetuate his memory. 

He was held in great regard and affection by all his 
colleagues, and his death has come as a great sorrow to us. 


By M. W. Burt. 


So popular and active a person as J. C. Walker leaves 
his mark behind him in the Industry. He had that happy 
way of making everyone his friend, and the personal 
tributes that have been paid to him by members of the 
Society of British Gas Industries during the last day or 
two are undoubtedly truly representative of the respect we 
all had for him on this side of the Industry. 

His exceptional memory for detail, which he always 
seemed to use in such a kindly way, his obvious sincerity, 
and his unfailing willingness to give every consideration to 
the other man’s point of vie .w—these things endeared him 
to us all. We held him in high esteem as a colleague and 
as a friend. 





His many friends will sympathize with Mr. H. Marter- 
FACE, Engineer and Manager of the Monmouth Gas and 


Water Works Company, upon the death of his wife on 
Oct. 27. 
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PERSONAL 


Retirement of Mr. Wilfrid Wastell. 


On Oct. 29, Mr. Wilfrid Wastell relinquished the General 
Managership of the South Suburban Gas Company on at- 
taining the retiring age. 

Mr. Wastell was born at Buckhurst Hill, Essex, and was 
educated partly at a local school and partly at home by 
his father. The family removed to Birmingham when he 
was in his early ’teens, and he took up a post at the Saltley 
Works of the Corperation Gas Department. Ai this time 
Mr. Charles Hunt, subsequently Chairman of the South 
Suburban Gas Company, was co-engineer of the Gas De- 
partment with Mr. Henry Hack. Mr. Wastell became 
statistical clerk to Mr. Hack, and acquired a knowledge of 
the works side of the Industry which was later of inestim- 
able value to him. He was soon transferred to the Secre- 
tarial side and in due course became Assistant Secretary 
and subsequently Deputy Secretary to the Department. 

In 1912 he was appointed Secretary of the South 
Suburban Gas Company, then at the beginning of its ex- 
pansion. The outbreak of war in 1914 threw a great 
additional load of responsibility upon the shoulders of the 
new Secretary, and those who worked with him during the 
years 1914-1918 will not forget the ability he displayed 
throughout that period. After the war the passing of the 
Gas Regulation Act and the adoption of the calorific stan- 
dard afforded another opportunity of which he was not 
slow to avail himself 

During his 24 years with the Company, Mr. Wastell has 
witnessed, and borne a leading part in, many changes 
less sensational perhaps than those recounted above, but 
none the less important. Throughout his career he has 
displayed a sympathy with and accessibility to his sub- 
ordinates which have earned the respect and affection of 
all who have been associated with him, and it is the hope 
of all his colleagues that the years of his retirement may 
be many and happy. 

On Oct. 3, Mr. T. Brown (the Secretary of the Com- 
pany) presided over a dinner at which Mr. Wastell was 
guest of honour, and on Oct. 27 two Doulton figures were 
given to Mr. Wastell by the Staff Social Organization, of 
which he had been President since its inception in 1926. 
On Oct. 29, at a largely attended meeting, Mr. T. Brown, 
on behalf of the employees of the Company, presented Mr. 
Wastell with a radio-gramophone and a record cabinet, 
and Mrs. Wastell with a necklace. Tributes were paid to 
Mr. Wastell by Mr. H. Gundry (Director), Mr. T. Brown 
(Secretary), Mr. V. Simmonds (Engineer), Mr. J. A. 


News 


The Calorific Value of the gas supplied by the Chorley 
Rural District Council on and after Feb. 1, 1937, will be 
550 B.Th.U. per cu.ft. Notice is given pursuant to the 
Croston Gas (Charges) Order, 1927. 

Cooking, Heating, and Hot Water Appliances are be- 
ing-demonstrated at Laurieston by the Polmont District 
Gas Company, Ltd., from Tuesday, Nov. 10, to Friday, 
Nov. 13. Miss J. T. M. Watson (Cordon Bleu) is giving 
cocking demonstrations daily. 


Floodlighting by Gas of All Saints’ Church during 
its quincentenary celebrations was recently carried out by 
the Hastings and St. Leonards Gas Company. The effect 
was very favourably commented upon in the Hastings and 
St. Leonards Observer for Oct. 31. 


Referring to the Notice of his report to the Lakes 
D.C. Gas ay ay eee in this column of our issue of 
Noy. 4, Mr. W. N. Battersby states that a most important 
fact was omitted, i.e., that the gas sales of this Undertak- 
ing have increased by 22°9% during the past three years. 


The Okehampton Gas Company, by capturing for the 
third consecutive time first prize in the Trade Section at 
the recent War Memorial Hospital Carnival at Okehamp- 
ton, have now retained the cup as their own property. 
The well known Radiation Carnival Giant Chef was a popu- 

ar item of the display. 


The Price of Gas for ordinary meters in the Seaham 
Harbour district, following the fusion last month of the 
Sunderland and Seaham Harbour Undertakings, has been 
reduced by 1d. a therm, equivalent to 5d. per 1,000 cu.ft., 
as from the last quarterly reading. The present price at 
Seaham is equivalent to 4s. 93d. per 1,000 cu.ft., and at 
Sunderland to 2s. 6d. per 1 000 cu.ft. for domestic use. 


Gould (Distributing Engineer), the Chairman of the Works 
Committee, and representatives of the Staff. 
* * * 


To mark the retirement of Mr, Witt1am Gorpon, Chief 
Inspector of Gas Meters to the City of Edinburgh, on Oct. 
14 after 32 years’ service in that capacity, the Edinburgh 
Meter Makers, acting on the suggestion of Messrs. Alder & 
Mackay, Ltd., on Friday, Oct. 30, presented him with a 
very handsome ormolu and enamel clock with ornaments 
to match, chosen by Mrs. Gordon, and a wallet containing 
the balance of the subscriptions. This little ceremony 
took place in a private room of the North British Station 
Hotel, and the presentation was made by Col. W. 
Carmichael Peebles, of Messrs. Peebles & Co., Ltd. 

Speaking for the Edinburgh Meter Makers, Col. Peebles 
voiced the regret that they all felt in losing the assistance 
of Mr. Gordon. In his official capacity he had finally to 
examine the products of the Edinburgh Meter Makers 
under the Sales of Gas Act, but he was not only an official, 
he was a helpful and sound critic, and it was with regret 
that they marked his retirement. 

In expressing the thanks of his wife and himself, Mr. 
Gordon said that he had had the good fortune to be as- 
sociated all his life with a business in which he had been 
intensely interested. 

* . o 


The wedding took place on Oct. 24 at St. Mary the 
Virgin, Oxted, of Mr. Robert Graham Kendall and Peggy 
Beatrice, only daughter of Mr. and Mrs. F. J. Gould. Mr. 
Gould is a Past-Chairman and Hon. Treasurer of the Society 
of British Gas Industries. 

—_ 


Mr. H. S. Boyes, at present Assistant Engineer to 
the Cheltenham and District Gas Company, has been ap- 
pointed to the position of Deputy Engineer to the Sheffield 
Gas Company. Beginning as an articled pupil in 1917, he 
was in the service of the Harrogate Gas Company for a 
total period of 12 years, and was appointed to his present 
position at Cheltenham in 1929. 

* * . 

His many friends in the Gas Industry will be delighted 
to learn that at a meeting of the Edinburgh Town Council 
on Friday last Councillor “Warren MuTER was unanimously 
elected Chairman of the Public Utilities Committee, which 
embraces Gas, Electricity, Transport, and Water, ‘in suc- 
cession to Ex-Councillor James Gorman, D.L., P. 


in Brief 


Beaumaris Town Council are, a local correspondent 
reports, negotiating for the sale of the borough gas-works 
which they acquired from a private owner in 1920. 

Application for a Special Order is intended to be made 
to the Board of Trade by the Ormskirk District Gas Com- 
pany with the object inter alia of transferring to the Com- 
pany the gas undertaking at Croston which is at present 
under the control of the Rural District Council of Chorley, 
in accordance with an agreement dated April 21, 1936. 

The Introduction of a by-law to compel the substitu- 
tion of smokeless heating for raw coal in a central area of 
Manchester has been suggested by Mr. Charles Gandy, 
Chairman of the Smoke Abatement Society, who states 
that as a result of a personal canvass he believes there 
would be little or no opposition to the scheme. The 
opinion of the Manchester Public Health Department is 
said to be extremely favourable. 

Excellent Arrangements for ccoking the meals of the 
staff are a distinctive feature of a magnificent new Post 
Office which was formally opened at Royston on Thursday, 
Nov. 5. Two standard gas cookers in aluminium hoods 
have been installed by the Royston Gas Company, Ltd., 
as well as several hotplates for boiling kettles, &c., and it 
will be possible to prepare on the premises anything from 
a quick snack to a full-sized meal. 

A Happy Event took place in Newcastle-on-Tyne 
recently when Mrs. Hannah Kettlewell, of Westgate Road, 
celebrated her 101st birthday by personally preparing her 
birthday dinner on a gas cooker. Mrs. Kettlewell stated 
that she could not manage without her cooker, which was 
supplied by the Newcastle and Gateshead Gas Company, 
and attributed her longevity and present good health to 
the plentitude of good food she has prepared with it. 
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Yet Another Instance of gas to the rescue occurred last 
Sunday evening in Kirkby Lonsdale when at about 7.30 
the electric supply failed suddenly and plunged the whole 
town in darkness for nearly one and a half hours. Candles 
and oil lamps were in general demand, but in &, Parish 
Church, where the evening service was in progress, the old 
gas fittings which had not been removed were turned to, 
and provided light for the congregation to leave the church 
in good order. 


The Tender of Messrs. West’s Gas Improvement Com- 
pany, Ltd., Manchester, for the reconstruction of the ** B’ 
Vertical Retorts for the Belfast Corporation Gas-Works at 

{42,020 has been accepted. Messrs. West’s tender includes 
m provision of comple te new gas off-take and coke fittings, 
thereby making practicable the installation of a bench of 
retorts of the most modern type, incorporating all the latest 
appliances and fittings to permit of operating at the highest 
possible efficiency. The output of gas will be ine ‘reased 
to 3,150,000 cu.ft. per day, as compared with 2,500,000 
cu.ft. at present, an increase of 25°%,. This increase will be 
obtained on the same ground space and without involving 
any additional charges ‘for labour. 





Forthcoming Engagements 


Nov. 


12..-SOUTHERN ASSOCIATION (EASTERN Disrrict). 
Meeting at 1, Grosvenor Place, S.W. 1, 2.30 p.m. 

13. LONDON AND SOUTHERN JUNIoRS.—Annual Dinner, 
Empire Restaurant, Victoria. 

14.—-ScorrisH WESTERN JUNIORS.—Meeting and Paper 
by C. A. Poulson. 

17.—_].G.E.—Gas Education Executive Committee at 
2.30 p.m. 

19.—MIpDLAND ASSOCIATION.- 
at Birmingham. 

20.—LONDON AND SOUTHERN 
Paper by W. L. Boon. 

21.—WeEsTERN JUNIORS.—Visit to Norton Hill Colliery. 

21.—_MIpDLAND JUNIORS.— Visit to Austin Motor Works. 

21.—ScorrisHh EasteRN JUNIORS.—Visit to Inver- 
keithing. 

24.--WaLES AND MONMOUTHSHIRE JUNIORS.—Visit to 
Cardiff Engineering Exhibition. 

26.—I.G.E.—Advisory Committee on Research at 2.40 
p.m. 

27-—SOUTHERN AssociaTion.—General Meeting at the 
May Fair Hotel, W. 1, at 2.30 p.m. 

27.—1.G.E.—Liquor Effluents and Ammonia Committee 
at 11.15 a.m.; Joint Research Committee at 2.30 
p.m. 

28.—NorTH OF ENGLAND G.M.A. (AUXILIARY SECTION). 

-Meeting at Newcastle-upon-Tyne and Paper by 

J. F. Lord. 

28..-WaLks AND MONMOUTHSHIRE JUNIORS. 
at Newport. Paper by A. H. Dyer. 

28.—ScotrisH WeEsTERN JUNIORS.—Visit to Alder & 
Mackay, Ltd., Edinburgh. 


Autumn General Meeting 


JuNionS.—Meeting and 


Meeting 


There will be no meeting of the Central Executive Board 
of the National Gas Council, or of the Central Committce 
of the Federation of Gas Employers during the month of 
November. 


Dec, 


Visit to London 
Smiths, Ltd., 


2.—LONDON AND SOUTHERN JUNIORS. 
Electric Wire Company and 
Leyton. 


4.—MIpLAND JuNiorS.—Social Evening. 


8.—N.G.C.—Meeting of the Central Executive Board, 
11 a.m. 

9..-_MANCHESTER AND Distrricr JuUNIokS.--Visit to 
J. H. Robinson & Co, (Liverpool), Ltd. Paper 


by F. Bell. 

9.— B.C.G.A.— Midland District Conference at Stoke- 
on-Trent. 

12._ScortisH JuNiors. Joint Meeting at Glasgow. 
Address by R. Robertson (Junior Vice-President, 
I.G.E.). 

12. WESTERN JUNIORS. 
H. Oliver. 
18.—LONDON AND SOUTHERN JUNIORS.— 

Paper by J. Grayston. 


Meeting at Exeter. Paper by 


-Meeting and 
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British Gas Federation 
Second Annual General Meeting 


The Second Annual General Meeting of be British Gas 
Federation was held at the Central Hall, S.W. 1, on Noy, 4, 
when Sir Davip Mitne-Watson, LL.D., D.L., hen, u ol 
the Council, presided. 

The minutes of the First Annual General Meeting |ield 
on Dec. 11, 1935, having been circulated, were contfirined 
and signed. 

A list was received of the Representatives nominated |yy 

each Constituent Body to serve on the Council for the 
year commencing Jan. 1, 1937, as follows: 


Representing National Gas Council. 


Sir David Milne-Watson, LL.D., D.L. 
Wm. Cash, F.C.A., J.P. 

T. P. Ridley, F.C.1.S., A.Inst.Gas E. 

C. S. Shapley, M.I.Mech.E., M.Inst.Gas E. 
A. W. Smith, F.C.1.8., Hon.M.Inst.Gas E. 


Representing. British Commercial Gas Association. 


Chairman of the Executive Committee. 
S. E. Halliwell, F.C.1.S 

Councillor W. P. Jackson. 

James Jamieson, M.Inst.Gas E. 

J. Sandon Stubbs, F.C.LS. 


Representing Institution of Gas Engineers. 


Valon Bennett, M.I.Mech. E., LS Inst.Gas E. 
Col. W. Moncrieff Carr, O.B.E., M.Inst.Gas E, 
S. Lacey, B.Sc., M.Inst.C.E., M. foot. Gas E. 
H. D. Madden, M.Inst.C.E., M.Inst.Gas E. 
H. C. Smith, M.Inst.C.E., M.Inst.Gas E. 


Representing Gas Companies’ Protection Association. 


C. F. Botley, M.Inst.C.E., M.Inst.Gas E. 
H. E. Bloor, B.Sc., B.Eng., M.Inst.Gas E. 
F. G. Brewer. 

R. W. Edwards, J.P., M.Inst.Gas E. 

R. Halkett, M.Inst.Gas E. 


Representing: Society of British Gas Industries. 


D. M. Henshaw, M.Inst.Gas E. 

F. B. Richards, M.Inst.Gas E. 

R. J. Rogers, M.Inst.Gas E. 

H. M. Thornton, J.P., A.Inst.C.E., 

M.Inst.Gas E. 

D. W. Turner. 

The Second Annual Report was approved and adopted. 

The Rt. Hon. the Earl of Dudley was unanimously 
elected President of the Federation for the ensuing year. 

Mr. A. Morland, F.C.A., was unanimously appointed 
Auditor for the ensuing year. 

Date of Third Annual Dinner. 

It was decided that the Third Annual Dinner should take 

place on Wednesday, Nov. 3, 1987, at the conclusion of 


the Ninth Autumn Research Meeting of The Institution of 
Gas Engineers, 


M.1.Mech.E,, 





The Reconstructed Verticals at Dundee 
Inauguration Ceremony 


About 100 visitors, including Gas Engineers from all 
parts of Scotland, were present on Oct. 30 when Convener 
Robert Loggie, J.P., inaugurated the reconstructed vertical 
retort plant at Dundee, which was fully described an: 
illustrated in last week’s ‘‘ JOURNAL.’’ 

After the ceremony the visitors were conducted over the 
new plant and gas-works by Mr. John Wilson (Gas Engi- 
neer and Manager). Thereafter the company adjourned to 
the Royal Hotel for luncheon, at which Mr. Robert Loggie, 
J.P., presided. 

Mr. J. JAMIESON (Gas Engineer, Edinburgh), President 
of the North British Association of Gas Managers, propos 
ing the toast of ‘‘ Dundee Gas Undertaking,’’ said the 
Dundee Gas Department was the third or fourth largest 
in Scotland, but in importance it ranked second to none. 
That the Department was in a flourishing condition was re- 
flected in the fact that since 1915 the sales of gas had in 
creased by 66%, while the amount of coal used had fallen by 
10%. By keeping abreast with modern developments ani 
utilizing the most efficient methods, the Department had 
doubled the productive efficiency of their plant. The bene 
fit of this was reaped by the 50,000 users of gas in the 
city. The Undertaking should be proud of the services i! 
was rendering to the community. 

Convener Loaetr, in reply, said that the Dundee Gas 
Department offered facilities second to none in the country 
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in the provision of free services, fires, cookers, &c. They 
in Dundee were justly proud of their Gas Undertaking, 
whose a was “‘ SERVICE.”’ They believed in keeping 
uy » date. 

\ltogether the outlook for gas in Dundee was _ never 
brighter, and with this latest. addition to the gas-making 
plant, the new ‘‘ North ”? bench of Woodall- Deckbais ver- 
ticals, he felt that the. Department was now well equipped 
to go out and get the business. 

I pa Provost PHIN proposed the toast of ‘‘ The Contrac 
tors.”’ He said the firm of Woodall-Duckham were rightly 
renowned throughout the world for their retorts. The new 
vertical retort system at Dundee had cost them a little 
less than £35,000 ard had increased their power of pro- 
duction on the site of the displaced bench by 131° The 
Contractors had employed 101 men on. this scheme, 68 of 
whom were found locally. 1,500 tons of material had to 
he removed before the work was begun and 2,500 tons of 
new plant was installed. The work was to have been com- 
pleted by Oct. 16. Actually it was producing gas a day 
earlier. Considering the many difficulties they had had to 
face this was a remarkable achievement and reflected great 
credit > all concerned. 

Mr. Georce J. Jackson (Managing Director of the 
Woodall-Duckham Company), in reply, alluded to the help 
they at all time received from the Gas Engineer and his 
staff. It had been a pleasure for his firm to work for the 
Dundee Corporation, and he could assure them that his 
firm would always be willing to assist them in any way. 
On behalf of the Directors Mr. Jackson then handed over 
to Convener Loggie a memento of the occasion in the form 
of a handsome silver rose bowl. 

Councillor Mrs. Liry MILter proposed the toast of the 
visitors, and Mr. A. S. Nisset (Paisley) replied. Before 
sitting down Mr. Nisbet proposed the toast of the Gas 
Engineer (Mr. John Wilson), and said how greatly he was 
appreciated by his brother engineers in Scotland. Mr. 
Witson, after returning thanks, paid tribute to his staff. 
He had in Mr. Dickson a most ‘cient assistant ably 
supported by an enthusiastic technical staff. He also re- 
ferred to the harmonious relationship between the Gas Con 
vener, the Committee, and himself. 





Making Life Easy 
Home Service Exhibition at Burnley 


Considerable enterprise was shown by the Burnley Cor 
poration Gas Department in organizing a home service 
exhibition in the Mechanics’ Institute. The event, which 
was opened on Monday, Oct. 19, by Dr. Frazer, Medical 
Officer of Health for Liverpool, and Professor of Public 
Health at the Liverpool University, was run on ambitious 
lines. 





The Institute stage, as will be seen from our photo 
graph, had been transformed into a modern kitchen 
containing gas appliances and furniture which would make 
the task of the housewife a comparatively easy one. 

Each day. there were sessions at 3 p.m. and 7. p.m., each 


being opened by a Burnley celebrity.. At each session 
there were cookery demonstrations, a health talk by a 
qualified expert, or a talk on kitchen planning by Miss 
Eagles. As an added attraction, on Oct, 22, by kind per- 
mission of the Burnley Co-operative Society, a manneauin 
parade was staged. All through the exhibition there were 
excellent attendances, the entries for the cake-baking com- 
pe titions which were run in connection with the exhibition 
being particularly gratifying. All modern gas appliances 
were shown, including: fires, cookers, water heaters, boilers, 
and refrigerators. 
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A Successful Trades Exhibition at Ely 





Our photograph shows a section of the comprehensive display 
arranged by the Ely Gas and Electricity Company at the recent 
Trades Exhibition held in Ely. The stand included a model kitchen 
and bathroom, while other sections were devoted to heating and 


washing appliances. Demonstrations were given by Messrs. W. 
H. Dean and Son, and Messrs. R. & A. Main, Ltd., also co-operated 
by supplying representatives to assist in connection with their 
** Newscreen ”’ gas fires. The lighting of the stand was very effec- 
tive, nearly 70 lights being used, with a great variety of fittings. 
This was the first Shopping Week and Trades Exhibition which 
has been organized at Ely, and although the population of the dis- 
trict is only about 8,000 there were no fewer than 30,000 attend- 
ances at the Exhibition, which was opened by Lord Derby. 





Righton’s Water Heaters 
Inauguration of New Works 


To celebrate the opening of their new factory, the mem- 
bers of the Staff of Messrs. Righton & Sons, Ltd., together 
with a number of their business friends, including repre- 
sentatives of leading gas undertakings, were entertained 
at dinner on Saturday last at ‘‘ Progress Works,’’ Morden 

some hundred guests being present. One of the spacious 
bays of the factory had been converted into a dining-room 
for the occasion. 

Mr. W. J. Righton, the Managing Director, in welcoming 
the visitors, referred to the fact that the firm had been 
established over one hundred years. Notwithstanding 
frequent extensions, increasing demands for the Company’s 
products had outstripped the capacity of the old works in 
Euston Road, and they had been fortunate in securing 
the present site, on which an entirely up-to-date factory 
had been erected. In the course of his remarks, Mr. 
Righton took occasion to refer to the valuable research 
work in connection with appliances undertaken by the 
leading gas undertakings and the assistance they were 
always ready to extend to the manufacturers. 





Sidmouth Council Apply for Special Order 
New Gas-Works Foreshadowed 


The erection of an entirely new works is foreshadowed 
in the application to the Board of Trade for a Special 
Order, under the Gas Undertakings Acts, 1920 to 1934, by 
the Sidmouth Urban District Council. 

The principal clause of the Order seeks to empower the 
Council to erect and maintain gas-works, with all the 
necessary equipment for the manufacture and storage of 
gas, upon land adjacent to the Southern Railway, while 
subsequent clauses provide for an extension of the limits 
of supply. 

At the present time the Sidmouth Works occupy a very 
confined site at the eastern end. of the sea front, their 
proximity to which hardly enhances the amenities of this 
popular Devon resort. Moreover, their considerable 
distance from the railway line necessitates the cartage of 
all coal by road. The proposed site would enable up-to- 
date new works to be erected away from the built-up area 
of the town, with the advantage, presumably, of direct 
aecess to the railway for receiving raw materials. The 
Sidmouth Undertaking supplies some 2,200 consumers and 
has an annual output in the region of 60 millions. 
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Inauguration of New Gasholder 











The New Holder at Crawley. 


The inauguration of the new gasholder at Crawley pro- 
vides a fitting opportunity to indulge in a brief retrospect 

of the Horley District Gas Company’s activities and, in- 
deed, of gas supply generally in this district—gas being one 
of the ‘* oldest inhabitants ’’ of Crawley, having passed its 
eightieth birthday two years ago. 

The original Crawley Gas Compary was incorporated in 
October, 1854, when the railway through that village (as 
it was then) was in its infancy. And it is not too much 
to say that the formation of the Undertaking led to con- 
siderable development in the district. 

Interest—not unmixed with amusement—attaches to 2n 
incident which occurred on Easter Monday in the year 
1884. This had reference to a certain Volunteers’ Review 
and manceuvres carried out in the district, and was re- 
corded in the Sussex and Surrey Courier of March 31, 1884, 
in the following words : 


Considerable excitement was caused in Crawley and the 
surrounding district by the announcement that a balloon 
would ascend from the Crawley Gas-Works on Monday, and 
as a result an immense concourse of people congregated. 
It was intended that Mr. F. Henden, the Assistant Aeronaut 
of the Pictorial World, in company ‘with Mr. Alfred Taylor, 
War Correspondent and Artist, would ascend in the car 
and pass over the route of march to the scene of action to 
give a bird’s eye view of same. 

All went well at the start, to the accompaniment of loud 
cheers from the assembled multitude; but the anti-climax 
may best be described by again quoting verbatim from the 
newspaper : 

. . . At 8 p.m., when the balloon reached a high altitude, 
the winds proved contrary and the balloon went due East 


and so away from its intended course, finally coming down 
in Kidbroke Park, Forest Row. 


Presumably the balloon was inflated with Crawley gas. 
It is therefore gratifying to have the assurance of the Press 
report that it was the perversity of the wind, and no fault 
of the Company’s product, which caused the balloon to do 
the wrong thing! 


Transference of the Crawley Undertaking. 


In 1901 the Horley District Gas Company promoted a 
Parliamentary Bill which included, as one of its objects, 
the acquisition of the Crawley Gas Undertaking and sanc- 
tion was duly received. For some time after the trans- 
ference gas making was continued at the Crawley Works, 
but for economical reasons the mains were eventually linked 
up and gas supplied from the Horley Works—the Crawley 


for Horley Company 


A new spirally-guided gasholder of approximately 

205,000 cu.ft. capacity, constructed by Robert 

Dempster and Sons, Ltd., was inaugurated for the 

Horley District Gas Company at Crawley on 
Tuesday, Nov. 3 last 


site being retained as a gasholder station. At a later date 
boosting plant was installed here to facilitate gas distribu 
tion. 

Owing to continued development in the Crawley district 
the need for additional gas storage became evident, and the 
Directors of the Horley District Gas Company had no hesi- 
tation in installing the new gasholder which was the sub 
ject of last week’s ceremony. With this new holder in 
commission the Company anticipates no difficulty in ade- 
quately supplying all demands for some time to come. 

Since 1901 the Company’s sales of gas have been multi 
plied by practically six times, the present output being 
about 103 million cu.ft. 

The total length of mains within the Company’s area at 
present approximates 53 miles. During recent months 
considerable sections of the mains into Crawley have been 
replaced by new ones of larger diameter. The Company’s 
consumers at date total 4,765, of whom 1,968 are in the 
Crawley area. 

The gas-works at Horley have been modernized to keep 
pace with increasing demands. Incidentally, a retort house 
built by a Crawley firm is still in use, although, of course, 
the plant housed therein has meanwhile been reconstructed 
and brought up-to-date. 


The Gasholder. 


The new holder is of the spirally-guided type with two 
lifts. The holder is sealed in a tank containing 707,500 
gallons (say 3,150 tons) of water. 

The iifts are respectively 72 ft. and 74 ft. 4 in. diameter, 
and each 25 ft. deep. The water tank is 75 ft. 10 in. 
diameter and 25 ft. 6 in. deep, the construction being of 











The Chairman, Vice-Chairman, and General Manager of the Horley 
District Gas Company, with Dr. Sidney Matthews, at the 
Inauguration of the New Holder. 


British steel throughout. The holder, when fully inflated, 
gives 74 in. pressure and has a delivering capacity of 
approximately 205,000 cu.ft. of gas. 

It may be mentioned that there are 21,660 bolts and 
rivets in the tank, and 103,750 in the gasholder—a total 
weight of about 6} tons. In the jointing of the tank plates 
and gasholder sheets 7,500 yd. (or 44 miles) of jointing tape 








To 
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of various widths have been used. The total weight of the 
holder and tank is about 176 tons. ; 

The contract for the gasholder and tank, with certain 
ancillary work in mainlaying and works connections, was 
carried out by Robert Dempster & Sons, Ltd., of Elland 
(Yorks.) and London, while the concrete foundation work 
was executed by the F. C. Construction Company, as sub- 
contractors. The contract was placed in February last, for 
completion by Oct. 31. The actual erection work, however, 
was completed well ahead of schedule time. 


The Inauguration. 


A gathering of local Councillors and other prominent 
residents were the guests of the Horley Company on Nov. 3 
to witness the inauguration ceremony, which was per- 
formed by Dr. Sidney P. Matthews, J.P., C.C. The latter 
was introduced by the Chairman of the Company, Mr. 
H. J. Randall, and after he had duly opened the valve he 
was heartily thanked on the proposition of Mr. F. A. Greene 
(Director), who drew attention to a tablet attached to the 
foot of the stairway up the holder commemorating the 
event. 

Subsequently those present repaired to the George Hotel, 
Crawley, where they were entertained at luncheon by the 
Directors of the Company—Mr. Ranpatu presiding, sup- 
ported by Mr. W. H. Ely (Vice-Chairman), Mr. - 
Greene and Mr. L. E. Cotterell (Directors), and Mr. B. 
Long (General Manager and Secretary). 


The Loyal Toast having been duly honoured, the CHAIRMAN 
proposed “‘ The Visitors,”’ in the course of which he expressed 
appreciation of the presence of Dr. Matthews, members of their 
local Council, and all their other guests. They were par- 
ticularly grateful, he said, to Dr. Matthews for sparing the 
time to go there on that occasion to inaugurate their new 
holder, which might be regarded as Crawley’s latest addition to 
their service to their gas consumers; for they, as a public utility 
undertaking, not merely had to supply a commodity, but: pro- 
vide a service also, and so far as this Company was concerned 
he thought they were doing their best to fulfil their function to 
their consumers in this respect. Mr. Randall went on to refer 
to the magnitude of the Gas Industry, carbonizing as it did 17 
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million tons of coal annually, distilling 215,000,000 gallons of 
tar, 50,000,000 gallons of benzole, and producing 11 million tons 
of coke. The total capital invested in the Industry amounted 
to £200,000,000, while its operations provided 67,000 miners with 
constant work. Referring to the new holder, the Chairman 
emphasized that, as ratepayers, it had been their desire to 
employ local labour so far as possible, and this they had been 
able to do. He also paid tribute to Robert Dempster & Sons, 
Ltd., for the excellent manner in which they had carried out 
the work, completing it well within the specified time. 

In conclusion, the Chairman asked Dr, Matthews to accept 
a silver salver, suitably inscribed, as a memento of the occasion. 

Dr. MatrHews, in responding, thanked the Directors of the 
Company not only for their courtesy in asking them to the 
inauguration ceremony but also for their generous hospitality, 
which they all greatly appreciated. He congratulated the 
Company upon their enterprise in undertaking this work, which 
he hoped and believed would have a good effect on the town. 
In conclusion, he wished the Company every possible success in 
their operations and asked those present to drink to the health 
of the Chairman, Directors, and General Manager. 

The CHarrMaN briefly acknowledged the toast, remarking that 
the Company’s first endeavour was to make all their consumers 
their personal friends, so that the future stability of the Under- 
taking would be enhanced, which would serve to enable reduc- 
tions to be made in the price of gas from time to time. 

Speaking on behalf of Robert Dempster & Sons, Ltd., Mr. S. 
LANGFORD observed that it was customary on occasions such as 
this for the Contractors to pay tribute to the encouragement 
and assistance they received from the management and en- 
gineer. He wanted to stress the fact on this occasion, however, 
that this sentiment was not a mere formality. Not only had 
their relations with the Company been excellent, but he had 
personally made several firm friendships in Crawley. This was 
the first contract his firm had had the privilege of carrying out 
for the Horley District Gas Company, and he hoped it would 
not be the last. The General Manager and Secretary, Mr. 
Long, had supervised the whole job very thoroughly throughout. 
The Chairman had referred to the fact that they had employed 
a considerable amount of local labour, and Mr. Langford 
wanted to emphasize that this local labour had been excellent 
in every respect. He thought that they had put up a good 
holder, and they had been largely assisted in that by the local 
labour they obtained. His firm had been very happy to carry 
out this contract for the Horley Company. 


The British Road Tar Association 


Sir David Milne-Watson’s Presidential Address at the 
Association’s Ninth Annual Luncheon at Grosvenor House, 
Park Lane, W. 1, on Nov. 5, 1936. 


The past year has been a notable one from both the 
aspect of the road industry and that of road users, par- 
ticularly having regard to the pronouncement by the 
Minister of Transport on July 6 of the Government’s 
decision to promote legislation for the national control of 
trunk roads. 

The present intention of the Government is to transfer 
4,500 miles of the main trunk roads from County Councils 
to the direct control of the Minister of Transport himself. 

I consider that this decision to nationalize our main 
highways represents the most momentous development in 
the whole history of British road transport. The decision, 
I believe, foreshadows the day, perhaps not very far dis- 
tant, when a central authority will assume responsibility 
for the control and maintenance of the entire road system 
of this country. By their action the Government support 
the belief that only by such a system of nationalization 
can we hope to obtain the essential uniformity in adminis- 
tration, in standards of maintenance, and in the construc- 
tion of the principal roads. By such methods alone can 
we hope to achieve that ordered and adequate system of 
communication which is essential to the prosperity of the 
whole nation, and by which the appalling tragedies of the 
road may be reduced. : 

England is the last great country to retain the system 
of localized control of roads without an over-riding central 
authority. It is undoubtedly time that county councils 
were freed from financial responsibility for trunk roads, 
since it is this burden which has forced them to neglect 
many of the improvements which they could otherwise 
have made in the minor roads—the roads which their rate- 
payers particularly utilize. 

But to whatever extent and however rapidly Government 
control proceeds, the development is one which we, as a 
tar industry, look upon with entire satisfaction. In the 
research conducted by the Ministry of Transport over 
recent years, including exhaustive tests of experimental 
roads, tar has proved itself to be a most economical and 
most efficient road material. It is a material of wholly 


British manufacture. These claims are sufficient to en- 
sure that the Ministry of Transport, as the central British 
highway authority, will give the most favourable consider- 
ation to an even wider application of our product. 


Unparalleled Density of Road Traffic. 


I would not for one moment belittle the size and com- 
plexity of the problems which must be tackled by our 
highway authorities. Our crowded population, the re- 
stricted areas, the high land values, and the unparalleled 
density of our vehicular traffic make such problems very 
acute. The 1935 traffic census on Class I. roads reveals 
the striking increase that has taken place since the last 
census in 19381. In four years only pedal cycles have in- 
creased by some 95%, goods motor vehicles by some 45%, 
and passenger vehicles by some 33%. The roads of this 
country are by far the most densely trafficked in the world, 
having 14°5 vehicles to every mile of roadway, compared 
with 81 in the United States. A more exact impression 
of our traffic volume can be gained perhaps from the fact» 
that there are approximately 60 vehicles to every mile of 
the Class I. and II. roads—that is, the vital roads of our 
country. 

I quote these and other statistics to support my plea 

that the Government should re-invest in the roads a much 
larger proportion of the income from the motor vehicle 
and petrol taxes. Adequate and safe roads are a sound 
national investment. 
_ The gross receipts from motor vehicle and petrol taxa- 
tion in 1935 showed an increase over 1931 of 26%. The 
Ministry of Transport payments to highway authorities, 
including amounts paid out of the fund towards the 
general exchequer contribution to local revenues distri- 
buted under the Local Government Act, 1929, showed a 
decrease of approximately 33°, comparing the same two 
years. Where is the progressive and steady highway de- 
velopment corresponding with the increase in income? 

In maintaining that larger grants are necessary, I do 
not overlook the adoption of the Five-Year Road Plan in 
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November last. On June 24 last, the Minister of Transport 
stated taat £2U,118,00U was tne estimated Moad Fund con- 
tribution to the approximate cost of £33,520,000 of the 
>cacmes submitted under the Five Year Koad Vian at that 
date. While this contribution 1s encouraging in so far 
as it equals 60% of the total cost of those schemes, it does 
not in my view hold out suincient inducement to ensure 
the completion of all necessary road developments, and 
still leaves too great a burden on the county authorities. 

1 believe that it is necessary in a number of instances, 
where tratlic volume merits it, to construct entirely new 
highways on which high speeds can_be maintained in 
sarety, where the different types of vehicles are segregated, 
and each class provided with its own clear thoroughfare. 
L am convinced that a number of stretches exist on several 
of our main highways upon which it is no longer economi- 
cally sound to continue piecemeal renoyation. Here the 
latest developments in tar road construction can play their 
part. A genuine long term policy must be adopted if 
work done at the moment is not to be undone a few years 
hence. Here I would remind you of the recent Ministry 
of Transport decision to widen the Kingston By-Pass, a 
road first laid a mere ten years ago, and considered then 
to be a marvel of highway engineering designed to meet 
all traffic demands. We have been quickly disillusioned. 
Such a long term policy must necessarily call for a very 
large expenditure. But the returns in the form of the 
saving of thousands of lives and the quickening up of 
transport with its consequent invaluable benefits to trade 
generally, will, I am sure, make such expenditure the best 
investment that could well be imagined. 


Coronation Roads. 


Next May we celebrate the coronation of His Majesty 
King Kdward VIL. On numerous occasions he has shown 
himself to be fully aware of the particular trade problems 
with which his people are faced, and of the inestimable 
value to commerce of an adequate system of highways. 
What better way, therefore, could there be of marking his 
accession to the throne than by the inauguration of a new 
Road Plan and new enterprises under national control. 
May I suggest to the Ministry of Transport that imme- 
diate plans should be made for the construction of a series 
of coronation roads that would mark the beginning of a 
new era in the history of highway engineering. 1 hope 
King Edward would be graciously pleased to allow his 
name to be given to new highways serving a purpose of 
national importance. There are several such highways 
which might well be begun immediately, and I would in- 
stance, as an example, the completion of an unbroken 
highway circle around London, bridging all main roads 
that intersect it. 

Our roads represent “ perhaps the most important part 
of our domestic economy.’ This quotation I feel to be 
particularly appropriate at the moment since I desire to 
stress, with all the force I can, the hampering effect which 
the present inadequacy is inflicting on trade enterprise. 
This year is the centenary of the death of J. L. McAdam. 

The quotation I have just used comes from him. 

This Scottish highway engineer was the first to apply 
scientific and practical methods to the problem of road 
construction and development, and we may with every 
justification claim that tar made possible the renovation of 
McAdam’s coaching roads by adapting them to suit the 
demands of the motor vehicle. 


McAdam Centenary. 

The choice of Scotland in the McAdam centenary year as 
the venue for the first time of the International Road Tar 
Conference, which was attended by road experts from all 
over the country, was a particularly happy one. The 
dlangers of the road have become an international problem, 
and the pooling of ideas of the authorities of different 
countries on methods of road construction should lead to 
wide benefits. 

It gave the members of the British Tar Industry great 
pleasure to hear the words of Herr Reiners, the Director 
of the Avus Racing Track in Berlin, in his Address at this 
Conference. ‘‘ Great Britain,’’ he said, “‘ may claim to 
have recognized at an early period the value of tar road 
construction, and to have uninterruptedly promoted its 
developments. The known high reputation of British road 
tar construction throughout the world is,’’ he added, 
‘** built on a good ‘ foundation’ since such roads are sub- 
jected to the very hardest of tests.’’ 

The popularity of tar as a road material is shown by the 
arge proportion of the total mileage of the roads of this 
country on which it is used to-day. Much has been’ said 
recently about the need for light coloured road surfaces, 
which afford great assistance to the motorist at night. 1 
have recently noticed with satisfaction a number of in- 
stances of light and safe surfaces in which tar has been 
incorporated. On the famous old Watling Street may be 
seen a stretch of light coloured tarmacadam which might 
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well be instanced as a very fine example of road engi: er- 
ing SKUI. in this connection, nowever, it should be re- 
luempered tat 1C Is tne aggregate used ratner than the 
pimuer waica determines tue coiuur OL a road surface, ‘Lar 
nas an advantage over ocner road materiais In thai it 
can be used successtuily witn any Kind OL stone normally 
used for roaa construccuon in this country. f 

ahe varmacadam road Ol to-uay possesses unique quali- 
ties OL Gurabilty, with tne resuic chat such a road pro- 
vides periect nou-skiad and “ rnaing’’ qualities over a 
longer period than Lormerly, witnout need ot renovation. 
ine coming developments under tne syscem O1 Dationat 
controi will, tnereiore, 4 am connaent, result in a sti 
wider use ot tar, 

in turning to matters of domestic interest in our Asso- 
clation we again nnd that the past year has many notable 
teatures. 

Uf primary importance is the approval by the Regisirar 
of ‘Lrade Marks ot the Association's Lrade Mark “* Brotox “ 
tor non-toxic tar. hus has culminated much research 
and experimental work whicn will lead, £ hope, to a con- 
Stant and growing demand lor tar to be used on roads 
draining into fishing streams. 

Other very satistactory teatures of the experimental road 
laid with this tar were its durable and exceilent non- 
skid properties. ‘lhe co-operation and help given to the 
Association by the Ministry ot Agriculture and fisheries 
and the Government Chemuist’s Department to bring the 
investigation to a satisfactory conciusion is to be particu- 
larly appreciated. 

_Kesearch work during the year has also been progres- 
sive, both in collaboration with the Department ot Scienti- 
fic and Industrial Research and by tne Association’s Re- 
search Committee. The Road Kesearch Board, in collabor- 
ation with the Ministry of ‘transport, are now undertaking 
practical road experiments with tar based on data obtained 
irom the investigations conducted on the road testing 
machines and in tne laboratories of the Board. Also aris- 
ing from the research work, large scale surface dressing 
experiments are being carried out under the jurisdiction ot 
the Joint Road ar Research Committee, to obtain data 
under actual road conditions. 

Definite results are already emerging from our past re- 
search work on tar; new methods of preparing tars with 
better setting properties are being investigated, and the 
technique of hot-process tarmacadam and tar carpets is 
beu:y explored with promising results. 

In September, 1935, terminated the five-year guarantee 
given by the Association to cover the two sections—one 
of slag and the other of granite-hot-process tarmacadam 
‘laid on the Kingston By-Pass in 1930. Since that date 
only very minor repairs have been necessary, and the satis- 
factory non-skid and durable qualities of these sections is 
evidenced from the fact that the Experimental Work on 
Highways (Technical) Committee of the Ministry of Trans 
port have decided that the sections required no immediate 
treatment. I am sure you will agree that no one can ex- 
pect a more satisfactory result from any type of road than 
this—six years subject to increasingly heavy traffic with 
but minor repairs. These two sections are the only ones 
among the eleven laid on this by-pass which were con- 
structed wholly of material produced in this country. 

We have laid many other tar roads in recent years in 
co-operation with the Ministry of Transport, highway 
authorities, &c., which continue to remain in satisfactory 
condition, and further experiments with highway authori- 
ties are in course of preparation. 

In conclusion, I would say that the progressive activities 
of the Association help considerably to consolidate and 
improve the tar position. In view of the foreshadowed 
national control a strong central tar organization is neces- 
sary and every effort should be made to ensure 100%, sup 
port of our Association by all producers and distillers. 


South Metropolitan Tariff 


Enquiry by Select Committee 

In reply to a question in the House last week, the 
President of the Board of Trade, Mr. Walter Runciman, 
said; As the House will be aware, a dispute arose recent|) 
in South London regarding an alteration in the tariff of 
charges of the South Metropolitan Gas Company. This 
Company and a number of others which operate under the 
basic price system of regulating charges obtain their 
— in this respect direct from Parliament under private 

cts. 

The Board of Trade have no power to intervene in the 
present case. In the circumstances, I propose to move 
very shortly for the appointment of a Joint Select Com- 
mittee of both Houses of Parliament to enquire into the 
powers of regulating charges possessed by this Company 
and others operating under the basic price system and 
into that system generally. 
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Modern Gas 


Lighting 
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Speeds up 


Handling of Goods 


The latest development in the modernization scheme of 
the L.N.E.R. is the complete re-lighting of their goods depot 
at King’s Cross Station, where the new gas lamps provide 
more than five times the previous illumination afforded. 


Photographs taken by the New Lighting only. 


Until the modernization scheme had been carried out the 
descent into the murky depths of what is known as the 
‘* low level ’’? goods depét at King’s Cross must indeed have 
been an. awe-inspiring business to the uninitiated, while 
the almost unrelieved gloom in which the operators had to 
work must have been extremely trying and not unfraught 
with risk. In those days 187 old-fashioned gas lamps, 
thirty years old, shed but scant illumination over the con- 
siderable area occupied by these bays, from which are 
loaded many important goods trains, including the famous 
3.40 p.m. Scotch Express Goods Train which runs to Glas- 
gow, Edinburgh, and Aberdeen. ; 

It should be explained that this ‘‘ low level ’’ depét is 
entirely covered over and receives practically no natural 
light whatever at any time of the day. It consists of a 
series of long wooden platforms from which the railway 
wagons are loaded, and between which are carrilageways 
enabling road vehicles to be brought within a few feet of 
the wagons for expeditious handling. Turntables, winches, 
and switches are provided for the movement of trucks and 
wagons within the depot. 

It will be readily appreciated, therefore, that the hand- 
ling of goods and vehicles in the semi-darkness which pre- 
viously prevailed was always difficult and at times, per- 
haps, even dangerous, while the interiors of the covered 
wagons must in many instances have been in almost com- 
plete darkness. 

The new installation, which has been carried out by the 


Gas Undertakings’ Results 


Warrington. 


The accounts of the Warrington Gas Undertaking for the 
vear ended March 81, 1936, states that the income during the 
vear was £166,087 and the expenditure £138,754, leaving a gross 
profit of £27,333. The loan charges and income-tax, less interest 
received, amount to £24,124, leaving a net profit of £3,209. The 
ncome from the sale of gas is £1,165 more than in 1934-35, and 
the income from the sale of residuals shows an increase over 
last year of £38,575. The gas consumed was 791,745,100 cu.ft. 
s against 694,951,200 cu.ft. in 1934-85, an increase of 96,793,900 
u.ft. or 14%. The consumers number 6,984 (against 6,897) by 
rdinary meters and 19,749 (against 18,885) by slot meters. 
The working expenses are £9,544 more than in 1984-85. The 


”° 


Gas Light and Coke Company, consists of 248 ‘‘ Littleton 
lamps, by Wm. Sugg & Co., Ltd., and as our photographs 
clearly show the lighting of the depédt is now magnificent; 
in fact, it is possible to read small print at any point, and 
the value of the new system from the viewpoints of in- 
creased handling speeds, which have been particularly 
noticeable, as well as of the greater factor of safety, cannot 
be over-emphasized. The total illumination over the en- 
tire area before the modernization was taken in hand was 
a little over 8,000 candle-power; to-day it is 36,000 candle- 
power with an even distribution of light over the whole 
depét. Moreover, the lamps have been so arranged that 
there is practically one light per vehicle, the advantages of 
which in effectively illuminating the -interiors of the 
wagons are, of course, obvious. Previously it was a matter 
of groping inside the covered wagons in darkness; now 
the goods within are clearly visible. 

_ Altogether it may be justly claimed that this installa- 
tion is an outstanding example of the merits of gas light- 
ing for applications such as this, while it is to be presumed 
that the heat output of 248 lamps is a factor which may 
well improve the working conditions in a depdt which by 
its very nature must be draughty at the best of times. 

It may also be mentioned, in conclusion, that on the 
“‘ high level,”’ where work is carried on without artificial 
light until dusk, the existing gas lighting installation has 
been brought up to date and extended with very much 
improved results. 


manufacturing charges show an-increase of £5,768 and the ex- 
penditure on distribution is £2,213 more than the previous year. 
Expenditure in connection with public lighting is increased bv 
£1,453, due to replacement of qbsolete lamps and altering the 
candle power of others. About £533 less has been spent in 
connection with cooking ranges and maintenance. The manage 
ment and general expenses shows an increase of £442. A further 
£2,500 has been debited to revenue in respect of a contribution 
to the retorts renewal fund. In the net revenue account, while 
the sinking fund charges have increased by £857, interest on 
loans is reduced by £804. The amount payable for income-tax 
this year is £5,294 as against £2,916 last year. The profit of 
£3.209 has been carried to the appropriation account out of 
ae ee has been paid - ange of the new showrooms. 
an 4 or new mains, leaving the credit hz 2 
utara g dit balance on thx 
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The Effect of Alkalis on Refractories 
by with Particular Reference to 


H. T. S. SWALLOW, B.Sc. 


(Research Department, Imperial 
Chemical Industries, Ltd.) 


It is hardly necessary to produce evidence for the fact 
that in large towns the greater part of the smoke nuisance 
is the result of burning coal in household grates. If coke 
could be burnt instead of coal, much of the present con- 
tamination of the atmosphere in towns could be avoided, 
but, unfortunately, ordinary coke does not burn satisfac- 
torily in ordinary grates. Grates which will burn coke 
satisfactorily are obtainable, but the alternative of making 
available a smokeless fuel which would ignite and burn 
readily in an ordinary grate would be a useful step for- 
ward in the movement towards cleaner air in towns. 

Among the various processes which have been proposed 
for the production of coke having the above properties— 
i.e., high ‘‘ reactivity ’’—is that in which the coke is 
activated by the addition of sodium carbonate and lime 
to the coal before ordinary high-temperature carboniza- 
tion, either in coke ovens or in gas retorts.’ This process 
appears to be more readily applicable to present carboni- 
zation practise than any other. 

A large proportion of the initial cost of the plant used 
for the production of coke, either in coke ovens or gas 
retorts, represents money spent on refractory materials, 
and the selection, care, and maintenance of the refractories 
plays an important part in keeping down production costs. 
Hitherto coke producers, who were anxious to experiment 
with sodium carbonate activation on a full-scale plant, 
have been deterred by the possibility of deterioration of 
the refractories in their gas retorts or coke ovens. Trials 
are actually in progress at the present time in both small- 
scale and in large-scale plant, but the results so far avail- 
able are not sufficient to enable a reliable estimate to be 
made of the effect of the additions of lime and sodium car- 
bonate on the refractories costs. It is possible, however, 
to conclude at the present stage, that the increase in the 
cost of refractory repairs is likely to be small. 

Pending the results of the trials a summary of what is 
known about the effect of alkalies on refractory materiais 
may possibly be of interest to Gas Engineers. 


Possible Reactions Between Sodium Carbonate and 
Refractory Materials at High Temperatures. 


Although the information in the literature does not 
make it possible to forecast the rates of reaction between 
sodium carbonate and refractories under various condi- 
tions, qualitative information of much interest is avail- 
able. There are two possible ways in which sodium car- 
bonate might act in accelerating the destruction of refrac- 
tories. 


1. Glasses containing sodium, silica, alumina, lime, and 
other fluxes provided by the constituents of coal ash 
and the refractories may be formed, and may dis- 
solve portions of the refractory material. In coke 
ovens and gas retorts the ash of the coal is often 
sufficient in the absence of any additional material 
to bring about some wear of the walls in this way. 
The addition of small amounts of sodium carbonate 
and lime might be expected to lower the melting 
temperature of the glass formed and to accelerate 
the process somewhat. 

2. An accelerated destruction of refractories has been 
widely experienced in coke ovens in which coal con- 
taining sodium chloride is being coked. It appears 
that silica brick is immune from this type of de- 
struction. The observed phenomenon is that layers 
of firebrick break away from the cooler surface re- 
vealing a honeycomb structure behind, where the 
break occurred. This process is described as “‘ chat- 
tering ’’ of the walls. 


In 1916, J. W. Cobb’ explained this action of sodium 
chloride largely by reference to observations which he had 
made in kilns used for burning salt glazed stoneware. If 
the salt vapour was brought into contact with the fire- 
clay at a high temperature—about 1,200° C.—reaction 
occurred on the surface of the fireclay producing a salt 
glaze, which prevented further penetration. If the salt 
vapour was allowed to come into contact with the fireclay 
at a lower temperature, 800°-1,000° C., no glaze was formed 
and the salt vapour could penetrate. _ If fireclay which 
had been penetrated by salt vapour at a low temperature 


“the fireclay in the salt glaze kilns. 


the Gas and Coking Industries 


was subsequently heated to about 1,200° C., it swelled up 
(‘‘ bloated ’’) and took on a blistered appearance. 

He suggested that the ‘‘ chattering ”’ of coke oven walls 
was due to the same reaction which caused “‘ bloating ”’ of 
In the coke oven wall 
there is a temperature gradient. Salt vapour penetrating 
from the cool side passes through the brick to a zone 
where the temperature is high enough for the chemical 
compounds formed to melt. The brick is thus weakened 
at a zone well back from the coking face and a thick layer 
peels off. . ; 

The actual mechanism of the reaction was considered by 
Cobb to be the formation of sodium aluminium silicate 
similar in composition to a felspar—e.g., albite. At low 
temperatures such a compound might be formed within a 
firebrick without bringing about much change in its super- 
ficial appearance. When the temperature is raised the 
compound melts with the results noted. In some experi- 
ments reported in a previous paper, Cobb had shown that 
such a compound could be formed at a temperature below 
the melting point of the compound or of any of its con- 
stituents.’ 

The following is an analysis given by Mott and Hodsman’ 
of a piece of the honeycombed portion of a chattered wall: 

aa oe ee 
rs + + a) « = © © ie wo. Ole 
ae ee 6 Ge” a es a Se 
pS Saat Ee a ee ee ae a ee ee I1°49,, 
0 OP aa a ee i ee ee 
ES 5g! a es cd) eo Oe ee ee 
| Oe ee ee eS 
Magnesia. . ... + o'l2,, 
Difference (alkalies, &c.) 2°OT os 

It will be seen that the above material contains only 
247% of ‘ alkali,’? while albite (Na.O.AI.0;.6Si0.), for 
example, contains 118% Na.O. The latter has a melting 
point of approximately 1,200° C. The temperature at 
which the- honeycomb material was formed was probably 
below 1,200° C., whereas the melting point of an aluminium 
silicate containing less than 11°8% Na.O will certainly be 
higher than 1,200° C. In this case, therefore, it would 
appear that the honeycombing was not due to the melting 
of a sodium aluminium silicate. 

The production of a vesicular or honeycombed structure 
is not, unfortunately, a phenomenon which can be related 
to only one temperature, set of conditions or chemical re- 
action. Nor was it proved that the cause of the ‘‘ chatter- 
ing ’’ is also the cause of the honeycombing. We have 
found an example of a honeycombed structure which ap- 
peared to be due to the action of a sodium salt, in this case 
sodium sulphate. A “‘ semi-silica ’’ brick which had been 
placed on the top course of the chequer brick in a regenera- 
tor was found to have swelled and had the honeycomb 
structure after about a year’s service. The temperature in 
this part of the regenerator varies from 710° to 790° C. in 
40-minute cycles. By the nature of the process operated 
in this furnace, the flue dust probably contains initially 
some sodium carbonate. The flue gas is the product of 
combustion of producer gas direct fired from coal fed 
producers. A deposit of dust in the flue below the regenera- 
tor was found to be reasonably pure sodium sulphate. 

On breaking the brick the honeycomb structure was 
found to occur near the surface, not in the interior of the 
brick. The analysis of the honeycombed portion (freed 
from slag) is compared below with that of an unused brick 
from the same stock. 





Honeycomb Portion 


Unused Brick. of Used Melak. 





% % 
Silica . ear i 73°90 63°55 
na! Site Ma" 22°40 18° 
Ferric oxide. . ‘ 1°69 I*3 
ee ee 1°15 1°08 
Calcium oxide . . . 0°22 °° 
Magnesium oxide . . o'16 o" 
Sodium oxide , 0°24 10° 
Potassium oxide. . ‘ 0°75 0°17 
Chloride . . aa ‘ trace not detected 
Sulphur trioxide. . o'I9 3°23 
Loss on ignition ‘ 0°35 2°74 
Carbon dioxide’ . oe trace 
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Suggestions as to the possible form of combination of the 
sodium and the sulphur would be pure speculation. 

It is possible that the liquidus over large areas of a 
system such as Na:O—Na.SO.—SiO., would be at a low 
enough temperature to account for the observed melting. 

The main points which it is desired to clarify in this 
example are: 

Bs = existence of sodium compounds in the vapour 

os ase is not necessary for the production of the 
oneycomb structure found in coke oven walls. 

. Firebricks may absorb certain liquid sodium com- 
pounds into their pores, and the ensuing reaction 
may cause honeycombing which will be greatest near 
the surface. 

3. That the phenomenon known as chattering is probably 
not directly connected with honeycombing, but that 
the two phenomena happened to occur together. 

Cobb also noticed that a layer of iron oxide is frequently 
found on the plane of disintegration when the brickwork 
of a failing oven is examined after cooling off. This is 
particularly important, as there is another explanation of 
the action of salt (sodium chloride) which attributes the 
damage to the acid rather than to the sodium radicle. 

L. M. Wilson* passed ammonium chloride vapour over 
silica and fireclay brick material contained in silica or 
platinum boats at temperatures between 850° and 1,200° C. 
and collected the products in wash bottles through which 
the outgoing gases were passed. Appreciable quantities of 
iron and aluminium were found in the products from fire- 
clay material. It was also found that there was a sudden 
increase in the rate of reaction at about 900° C. Hardly 
any reaction took place on the silica brick material, mere 
traces of iron, aluminium, and calcium being found in the 
products. 

Foxwell’ showed by experiments that hydrochloric acid 
could be formed by reaction between sodium chloride, 
steam, and carbon dioxide, which presumably might hap- 
pen in a coke oven. A. Findlay’ showed that iron oxide 
could be removed from coal ash in the presence of coal gas, 
steam, and chlorides. V. Thompson’ showed that 
sodium chloride reacted Le My silica and water vapour at 
temperatures below 1,000° C., producing sodium silicate 
and hydrochloric acid. When the time of contact is very 
long, as when the vapour of sodium chloride is passing 
slowly through the fine pores in a firebrick, the reaction is 
likely to be fairly complete, and as a result of Thompson’s 
experiments it seems improbable that the sodium radicle 
would penetrate very far. Thompson‘ also showed that 
sodium chloride vapour was partially hydrolized by water 
vapour at high temperatures. 

Wilson (loc. cit.) therefore explained the failure of fire- 
brick walls in coke ovens where salty coal was being coked 
as being due to removal of some alumina and iron oxide 
from the firebrick by the action of hydrochloric acid. By 
this removal and re-arrangement of some of its substance 
the firebrick would lose its strength and hardness and 
pieces of the surface would shell off. 

This explanation of the damaging effect of salt appears 
to provide a more probable cause for the failures observed 
in coke ovens than that of Cobb for the following two 
reasons : 

(1) It gives a clear reason for the immunity of silica 

bricks from chattering due to the action of salt. 

(2) Wilson’s experiments with ammonium chloride 
showed an increase in the rate of reaction at 900° €. 
and therefore offer an explanation of the fact that 
firebrick ovens are not subject to such serious attack 
if the temperature is kept below 900°C. ' 


The results of some experiments on the effect of sodium 
and potassium compounds on various types of alumina- 
silica refractories. have been published by the British Re- 
fractories Research Association.’* In these experiments the 
effects due to the alkali are clearly distinguished from effects 
which might be due to acid, and the ‘conclusions of the 
authors appear to be in agreement with the view that the 
only effect of sodium carbonate would be in reaction with 
the surface of the refractory, and that deep penetration and 
subsequent. reaction inside the brick, such as causes the 
chattering of coke oven walls, is not likely to occur. 

The results of an experiment in a gas producer are re- 
ported below. The analyses of the surface layer of firebrick 
nearest the fire show an increased Na.O (‘ alkali ’’) con- 
tent. The fact that there is a layer of glassy slag on the 
face of the firebrick suggests that this Na.O has penetrated 
by absorption of a liquid. It is unlikely that its presence 
is due to penetration of a vapour. 


The Effect of Sodium Carbonate in the Charge on 
the Refractory Lining of a Gas Producer. 


The producer used in the experiment was one of two 
identical producers coupled to the same flue. The pro- 
ducers are 4 ft. square in cross section and worked with 
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about 18 in. depth of fuel bed, burning a North Stafford- 
shire coal. 

The duration of the experiment was a run lasting 6} 
months. 4% sodium carbonate (Na.CO,) and 2%, hydrated 
lime (Ca(OH).) calculated on the weight of coal was fed 
into one producer during the run. 

In order that the effect of the sodium carbonate on the 
refractories might be observed, panels of new firebrick were 
built into one wall of each of the two producers before the 
run. 


Effect on the Working of the Producer. 


The effect of the sodium carbonate on the working of the 
one producer was very marked. The producer was hotter 
throughout the run, required very little poking, and worked 
more freely than the other producer. The condition of the 
activated producer after the run was notable for its com- 
plete freedom from the usual deposits of soot and clinker. 
In particular, the producer ran hotter at the top. 


Condition of the Firebricks in the Experimental 
Panels After the Run. 


The firebricks in the producer running on untreated fuel 
were largely covered by thick deposits of soot and clinker, 
which appeared to have protected them from the fire to 
some extent, particularly at the top of the panel where the 
firebricks were merely blackened by soot, but showed no 
other evidence of having been heated. 

In the activated producer the bricks were all coated with 
slag and had a scorified appearance. 

Two bricks were removed from the top, middle, and 
bottom of the panels in each producer. A rough estimate 
of the amount of material removed from the face of the 
bricks during the 6} months’ run is as follows: 


Producer Activated Normal! 

Inches. Inches 

Top of panel wie. a 4 Nil 
Middle of panel. . . . FA 4 
Bottom of panel. . . . I 4 





These figures are extremely approximate and are only 
written to give figurative expression to the writer’s impres- 
sions. The rate of wear of the bricks in the left hand pro- 
ducer was definitely greater. This might be regarded as a 
secondary effect, being due more directly to the higher 
temperature and more fluid slag resulting from the acti- 
vated fuel than from alkali attack. 

Except where they had been corroded by slag, the dimen- 
sions of the firebricks were perfectly normal. They con- 
tained no cracks other than those attributable to tempera- 
ture stresses or such as usually occur in firebrick work. 


Penetration of Sodium: Analyses of Slag and 
Firebricks. 


Analyses of samples of poy 1 taken from the faces of the 
firebricks in the centre of each panel were as follows: 





—_— Activated Producer. Normal Producer. 





nn ee ce a 44°62 42°72 
Pets. s + = eve 13°57 14°85 
ie ae 24°89 27°43 
ee ee oe ee 11°37 7°34 
MgO... ; oe Fe 1°13 2°71 
Na,O . . . ’ . . . 3°29 1°99 
| a a a ae o'gt 2°41 

o°Oo? 


Cee S & (4 oe Wie § 0°08 


The analysis of the slag from the normal producer is 
similar to an analysis of the ash of the coal used, made 
before the experiment was begun. 


Ash of North Staffordshire Coal Used in Experiment. 


 o ee er 
Pee ee eS Oe See 
Al,Og pot “ei Van. “Se 
CO. an) on fh carl enee ree, Re 
MgO . . ° . e e 2°86 
NaoO. . . . . . 1°39 
_ ae ee ee ee 1°39 
SO3 She te! 2°40 


Analyses of Firebricks from Activated Producer. 


When firebricks out of the normal producer were broken, 
the sections had the normal appearance of slagged bricks. 

The cross-sections of firebricks from the top of the panel 
in the activated producer had unusual colourings. 

The slagged layer varied in thickness up to about 1 cm. 
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The brick material behind the slag could be seen to consist 
of three distinct zones or layers, as follows: 


Layer A (nearest fire). 
in appearance. 

Layer B.—1 to 3 em. thick, light yellow in colour. 

Layer C.—Reddish brown colour representative of the 
normal firebrick. 


Up to about 1 em. thick, glassy 


The analyses are given below: 


Samples of Brick from the Top Layer of Activated Producer. 


Layer A Layer B Layer ¢ 
MU, . .« 53°0 57°68 57°56 
Fe.O 2°55 2°57 3 19 
AlgO 37°65 30°53 36 49 
CaO 0°53 0°56 0°50 
Mate «¢ . i 0°23 0°59 o'7I 
Naw. . « « 4°01 0°68 0°23 
Ke.O - 1°66 0°69 o'9g2 
SO, . ‘ ° trace trace trace 


Pieces of firebrick containing the three zones were re 
fired at 1,300° C. for half an hour. The re-fired pieces 
underwent no measurable changes in dimensions. They re 
verted to the normal brown colour of the firebrick. 

No particular significance is to be attached to colour 
changes in firebricks which have been heated, unless such 
changes have already been proved to be associated with 
some measurable change in the refractory properties. 

Occurrence of the honeycomb structure was not observed. 
It is therefore concluded that sodium salts had penetrated 
the brick to a depth of probably not more than 1 ecm. 
This penetration does not appear to have altered the fire- 
brick in such a way as would seriously reduce its life. 


Discussion of Producer Experiments. 


Two types of damage to the refractory might have been 


expected 


(1) Slightly increased rate of wear due to greater activity 
of slags enriched with alkali, and 

(2) Damage by penetration of, and reaction within, the 
brick. 


An increased rate of wear was found, but it is probable 
that this should be regarded as a secondary effect of the 
sodium carbonate, being due primarily to the increased 
working temperature resulting from the use of sodium 
carbonate. It was apparent that, even so, the increased 
rate of wear was such that the cost of refractory repairs in 
this producer would still be almost a negligible part of the 
total cost of producer gas. 


Observations on the Effect of Sodium Carbonate on 
Refractories in Other Types of Furnaces. 


The effect of alkalis on refractories can be observed in 
glass melting furnaces and in cupolas to which sodium 
carbonate is added for the purification of iron. In all cases 
the only effect observed is that of slag attack on the actual 
surface of the refractories. 

In parts of the roofs and flues of furnaces for the manu- 
facture of sodium silicate and glass, silica bricks have been 
subiected to this sort of attack for periods of four years 
er more of continuous service at face temperatures varving 
between 1,100° and 1,400° C. Though the bricks might 
he in better condition if they had not been subjected to 
attack by sodium carbonate, bevond a somewhat scorified 
appearance and the loss of thickness the effect could not 
be regarded as causing serious reduction in strength. In 
these furnaces temperatures from about 600° C. upwards 
can he found in flues carrving alkaline dusts, and no serious 
acceleration in the destruction of the refractories appears 
to be caused bv the alkali. 

In the ease of ecunolas in which iron is me!lted and treated 
with sodium earbonate, no anpreciable effect on the life 
of the refractory is noticeshle, and, indeed, the cunola 
apnears to work more smoothly and needs less repair than 
curolas in which sodium carbonate is: not used. 

The conclusion drawn is that where the refractories are 
heated onlw on one face the refractories are worn away 
in the common manner bv attack on the surface, and not 
by disintegration from within. 


Summary. 


There are indications that the exvlanations offered hy 
J. W. Cobb in 1916 on the chattering of the oven walls 
must now be regarded as containing at the most only an 
element of the truth. He suggested that the destruction 
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of refractories by sodium chloride is due to the vaporiza- 


tion of this salt and penetration thereby into the pores of 
the refractory, and that a sodium aluminium silicate is thon 
formed which, on melting, causes the failure of the refrac- 
tory. It seems probable that the presence of the acid 


radicle, either chloride or sulphate, is essential if this ty: 
of destruction is to occur, and that the honeycomb appe 
ance noted by Cobb in the walls of a failing coke oven 
not directly connected with the cause of the disintegrativ, 
of the walls from within. Sodium carbonate, however, does 
not give rise to acid vapours, and chattering from th 
cause is therefore impossible. 

There do not appear to be any examples of rapid failu 
of refractories in coke ovens or gas retorts in which it was 
proved that the damage was caused by the sodium radic! 
which had penetrated in the vapour phase. The sma’! 
amounts of sodium which have from time to time been 
reported in the analyses of firebricks taken out of various 
types of plant, could in almost all cases have reached th 
situations in which they were found by diffusion of solid, 
or more probably by absorption of low melting mixtures 
of alkali salts. There is no need to stress the remoteness 
of the possibility of serious attack by alkali salt vapours, 
as even when this suggestion has been made it has always 
been in the nature of a speculation. 

It is therefore concluded that if any damage to gas retort 
settings results from the addition of alkalis, it is to be 
looked for on the insides of the retorts. It has been shown 
that there is little fear of damage to producer linings due 
to the use of sodium carbonate and lime or of activated 
coke. 

There is, however, no reason to suppose that the action 
of the alkali would ever be more than one of the minor 
causes of the ultimate failure of the refractories, or that 
it would result in noticeable increases in working costs. 
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‘‘Thousand Cakes”? Competition 
South Metropolitan Company Offer a Hundred Prizes 


The name of Holdron, Ltd., of Peckham, may be re- 
membered as one of the several firms associated with the 
South Metropolitan Gas Company in their “ dealer co- 
operation ’’ scheme—which was described in some detail in 
the “‘ Journat ” for Sept. 23 last. 

Holdron, Ltd., are not canvassing dealers, but co-operate 
with the Company by the provision of. a very fine demon- 
stration hall in their extensive premises. Here cookery 
demonstrations are held regularly and the well-equipped 
demonstration platform speaks volumes for the suitability 
of gas for every purpose in the modern kitchen. A large 
dial direct reading meter, visible to everyone in the audi- 
ence, tells the housewife just how much gas is being used 
in the preparation of the various dishes, while around the 
walls of the hall is a splendid display of up-to-date gas 
appliances of all descriptions, the refrigerator display be- 
ing particularly noteworthy. 

The latest effort at Holdrons is a series of cake-baking 
demonstrations directed to assist competitors who are 
entering for what the South Metropolitan Gas Company 
have styled a ‘ Thousand Cakes ”’ free cooking comneti- 
tion, which they are organizing for their consuniers. 

Competitors are required, in this competition, to bake 
(in a gas oven, of course) a Dundee cake the recipe for 
which is given on the entry form, which is obtainable either 
from Holdrons or from the Company’s offices. A hundred 
prizes are being offered, we understand, in connection with 
this comvetition—ranging in value fr om 10s. to £12—while 
there will also be fifty consolation prizes. Manv of the 
gas appliance prizes are being shown in one of Holdron’s 
windows, and the competition as a whole is creating much 
interest, 
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THE “JOURNAL” REVIEW 


There was an excellent attendance when 
Mr. Stephen Lacey, B.Sc., M.Inst.C.E., 
President of The Institution of Gas 
Engineers, took the Chair at the Eighth 
Autumn Research Meeting of the Insti- 
tution on the morning of Tuesday, 
Nov. 3. The Meeting was held at the 
Institution of Mechanical Engineers, 
London. 


Education in the Industry. 


Following the formal opening of the meeting, Sir Francis 
Goodenough, as Chairman of the Gas Education Com- 
mittee, was called upon to introduce the Committee’s Re- 
port for 1935-36. In doing so, he referred to the minor 
modifications which have been effected in the Education 
Scheme during the past 12 months. The City and Guilds 
of London Institute are now represented on the Committee, 
and a 2nd Class Certificate in the Higher Grade Examination 
will in future be sufficient for entry to the Diploma Ex- 
amination in Gas Engineering (Manufacture) or (Supply). 
Other modifications include the withdrawal of the Oral 
Examination which formerly was part of the Gas Fitting 
Examination. 

Sir Francis mentioned the difficulty which has been ex- 
perienced as to the proof of satisfactory evidence of general 
education for those proceeding to the Diploma. An oppor- 
tunity has now been provided for doubtful cases to satisfy 
a panel appointed to judge of this on certain definite lines. 
Then, to increase the usefulness of the Consultative Com- 
mittee, this has been given a definite and extended con- 
stitution. A subject not mentioned in the Report is the 
growth of the movement for giving facilities for juniors 
to attend classes during the daytime. Concluding his 
remarks, Sir Francis referred to the resignation from the 
Executive Committee of Mr. Walter Hole, who has been 
intimately connected with the Education Scheme from its 
commencement, and was for a number of years Organizing 
Secretary. His genial personality and enthusiasm for 
education in the Gas Industry, said Sir Francis, made him 
a a desirable and helpful colleague who will be greatly 
missed, 


“State Salary Required.” 


Discussion on the Report was opened by Dr. J. N. Long, 
Principal of the Westminster Technical Institute, who 
urged the meeting to support the Institution and the Gas 
Education Committee when applying for applicants for a 
position; to state specifically that the holder of one or 
other of the Institution certificates will be given preference, 
and also to state in every case the salary offered. The 
desirability of stating the salary offered was also em- 
phasized by Mr. John Terrace, who said how grossly unfair 
it is that a student who has taken the trouble to prepare 
himself for a post should himself have to state what salary 
he requires. Another matter mentioned by Dr. Long was 
the subject of sketches in connection with examination 
questions, and he asked the examiners whether they them- 
selves knew what they wanted. In this connection, Mr. 
Nicholls, of Newcastle, suggested that the examiners should 
decide exactly what they require, and then, in setting the 
examination papers, give thought to the time which a 
student is given to answer the questions. As things are 
at present, in far too many instances the student is not 
allowed sufficient time properly to deal with the number 
of questions he has to answer, and it would be a good 
thing, said Mr. Nicholls, if the examiners would take 
actual answers and sketches and try them against a stop- 
watch. The effect would be salutary. 

Dr. Thorne, who is one of the nominees of the Board of 
Education on the Gas Education Committee, explained that 
the Board had decided to arrange to run a course for 
teachers in Gas Fitting next July, though the details of 
this course have not yet been settled. He feels that in the 
past teachers of this subiect have not been given adequate 
encouragement. Mr. C. HH. Creasey once again pleaded for 
the granting of greater facilities to those students who, 
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during the previous two, three, or four years had shown 
that they possess more than the average capacity and per- 
severance, though he welcomed the growth in the move- 
ment of providing for part-time education during the day 
time. 


New Diplomes. 


At the close of the discussion on the Education Report, 
the President presented Diplomas to the successful candi- 
dates. This year eight Diplomas in Gas Engineering 
(Manufacture) were awarded, and—a welcome feature—a 
Diploma in Gas Engineering (Supply). In Manufacture 
the awards were: C. R. Corrin (Onchan, I.0.M.), 2nd 
Class; John Aspinal Derbyshire (Shipley), 2nd Class; Arthur 
Facer (Bristol), 1st Class; Ernest James Fillery (Newark), 
2nd Class; Stanley Jones (Blackpool), 2nd Class; Harold 
Moys (London), Ist Class; Albert Pickard (Knottingley), 
Ist Class; Francis Goodall Symon (Coatbridge), Ist Class. 
The Diploma in Gas Engineering (Supply) was — by 
A. C. Rea (Perth), Ist Class. 


Presentation of Presidential Certificate. 


At this stage of the proceedings the President handed to 
Colonel Carr the Presidential Certificate which he received 
on his behalf at the close of the Annual Meeting last June. 
In thanking the President and the Institution for the Certi- 
ficate, Colonel Carr took the opportunity of expressing his 
gratitude to Mr. Lacey for undertaking at such short 
notice the duty of conducting the Annual General Meeting. 
It was, he said, a bitter disappointment to him that, owing 
to his illness, he was unable to complete his year of office, 
but he was happy in the knowledge that, though he was 
incapacitated, the Institution lost nothing in the continua- 
tion of the work which Mr. Lacey took over. Colonel Carr 
remarked that he had hoped that in his year of office it 
would have been possible to proceed further in the amend- 
ment of the Institution By-Laws and constitution, with 
the object of widening the scope of the Institution and 
embracing all those directly interested in the carbonization 
of coal and those who have common interests. He trusted 
that Mr. Lacey’s year of office would witness the Institu- 
tion proceeding to work in a wider field. 


Arthur Duckham Research Fellowship. 


The President then announced the award of the Arthur 
Duckham Research Fellowship to Dr. . Haffner, of 
the Gas Light and Coke Company. The value of the Fellow- 
ship is £350 per annum, and Dr. Haffner has already pro- 
ceeded to the Gas Institute at Karlsruhe to carry ,out, 
under the direction of Prof. Dr. Karl Bunte, research and 
investigations of interest to the British Gas Industry as 
approved by the Arthur Duckham Memorial Fund Com- 
mittee. 


A New Outlook. 


In his general introduction to the 38th and 39th Reports 
of the Joint Research Committee, Prof. Cobb observes that 
so long as the Gas Industry continues to supply both 
gaseous and solid fuel, existing processes with, at the 
most, slight modification will suffice, but when the In- 
dustry seeks expansion by supplying gaseous fuel for pur- 
poses where solid fuel has hitherto been employed, the 
production of solid fuel in quantity at gas-works may 
prove an embarrassment. Hitherto processes for the com- 
plete gasification of coal in gas-works have been regarded 
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as necessary only to meet exceptional circumstances, and 
as a consequence the possibilities of complete gasification 
have been by no means fully explored. Having regard to 
these facts and the probable future trend of the Gas In- 
dustry’s business, the Committee has set itself to the task 
of exploring as fully as possible the complete conversion 
of coal into gas of suitable composition and quality for 
general distribution. In his remarks on this matter at the 
meeting Mr. Evans suggested that with the changing mode 
of life in the large towns and with the further develop- 
ment of labour saving appliances, it is really not difficult 
to foresee a time when the domestic shovel for solid fuel 
and for its aftermath, the ashes, will become just as obso- 
lete as the village pump now is as a means of water supply. 
Hydrogenation at high pressures and at atmospheric pres 
sures with, or in the absence of, catalyst, has opened 
wide fields of development, and the Committee believes that 
it would be most unwise if we did not seek to avail our 
selves of the application of this newer technique to the 
gas manufacturing process. Operations at high pressure 
can reduce the size of plant—a 12 in. main becomes a 
2 in. pipe, and these processes work quietly and simply. 
The Committee hopes that by some such means as those 
which it intends to investigate, the whole of the gas manu- 
facturing process may be conducted in a single building 

and in such a manner as will form a proper subiect of civic 
pride. 


A Final Corrosion Report. 


The next item was the presentation of the 38th Report of 
the Joint Research Committee of the Institution and Leeds 
University, which was introduced by Mr. E. V. Evans, 
Chairman of the Joint Research Committee, Prof. Cobb, 
and Mr. J. W. Wood. This Report contains an account 
of the continued investigation of the behaviour of typical 
metals towards the products of combustion of town gas 
of low sulphur content, thus completing a series of experi- 
ments in which the sulphur content of the gas has been 
systematically reduced in stages from 50 gr. to 01 gr. per 
100 cu.ft. In these experiments water-cooled metal tubes 
of different materials were subjected to the continuous 
action of the products of combustion, some 95% of the 
water vapour in which was condensed upon the inner sur- 
face of the tubes. 

It was found that with all the metals examined, corrosion 
to a small but definite extent occurred, even when the sul- 
phur was almost completely removed from the gas. This 
corrosion was mainly caused by the nitrous and nitric acids 
produced during combustion. The amount of corrosion 
per 100 cu.ft. of gas burned fell continuously as the sulphur 
content of the gas was reduced in stages from 50 gr. to 
01 gr. per 100 cu.ft. Below a certain value there was a 
more rapid drop in the rate of corrosion, but at no time 
did it diminish as rapidly as the sulphur content of the 
gas. Lead and solder were exceptional in giving an increas- 
ing rate of corrosion at low sulphur concentrations. 

A division of the commoner metals into three groups 
with good, medium, and poor resistance to corrosion re- 
spectively was originally made with regard to a typical 
town gas containing 25 gr. of sulphur per 100 cu.ft. Down 
to 4 gr. per 100 cu.ft. this classification is still serviceable, 
although the differences between the metals become less 
pronounced as the sulphur content of the gas falls. Below 
1 gr., however, conditions unfavourable to the formation 
of a protective coating may cause considerable displace- 
ments in the order of merit of the metals. The percentage 
sulphur retention in the condensates (mainly as free and 
combined sulphuric acid) increased, while the weight of 
sulphur retained fell as the sulphur content of the gas was 
reduced. 

From the nature of the results, it is impracticable to 
auote a typical figure for the ratio nitric:sulphuric acid 
in the condensates. The nitric acid was subject to much 
smaller variation than the sulphuric acid, and at the lowest 
sulphur concentration accounted for almost the whole of 
the corrosion taking place. 

The Report concludes with the statement that the ex- 
periments as a whole show that by reducing the sulphur 
content of town gas a considerable reduction in corrosion 
was effected in circumstances favouring the condensation 
of the water produced by the combustion of the gas. 


‘Sulphur Must Go.” 


It was to this conclusion that Dr. Harold Hartley, of 
Radiation Ltd., took exception in the discussion which 
followed. This, he said, represents the result to date of 
three years’ work by two chemists, and an expenditure 
which must have run into a considerable amount. Yet the 
fact was generally known prior to the initiation of the 
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work. ‘ The very guarded remarks in this conc! uding 
Corrosion Report,’’ he continued, “‘ seem to suggest either a 
scrupulous regard for terms of ‘reference or an unw ‘ling. 
ness on the part of the Committee guiding the research 
to recognize the realities of the position. I presum.« the 
publication of these Corrosion Reports can be taken ‘o in 
dicate that the Institution officially recognizes tha! the 
presence of sulphur compounds in coal gas 1s harmful in s0 
far at least as the life of appliances is concerned. { dy 
hope those responsible for the making and supply of coal 
gas realize that in their own interests they must really 
do something about this sulphur question, and the In 
dustry must face squarely the need for a sulphur free vas, 
Sulphur must go, and there will be no peace for the makers 
of coal gas until it has gone.’’ 

Mr. C. A. Masterman, referring to the coining o! the 
‘Sulphur Must Go” slogan a few years ago, remarked 
that at the time it was felt that those ** wretched utiliza 
tion people ’’ were creating another difficulty for the gas 
engineer and were asking for something quite impossible. 
The difficulties, however, were no creation of the gas utiliza 
tion man. They are real, but sulphur, from a _ practical 
and economic point of view, can to a large extent now be 
removed. ‘* After all,’’ said Mr. Masterman, *‘ the pur- 
pose ultimately of making gas is to sell gas, and if the 
product that we try to sell is not up to modern searching 
requirements our future will definitely be limited. But | 
do not think our future is limited. I anticipate consider- 
able development in the next few years which will add 
substantially to the amount of gas used in the home, and 
most of these developments will require the use of gas 
fluelessly. The first thing one thinks of there is whether 
the sulphur content is small, because if the gas used in 
that way leads to results even remotely objectionable to the 
most sensitive people, then the great expansion which | 
feel to be possible will be severely cramped. There is, too, 
oe purely economic aspect of the presence of sulphur in 

» far as it affects the maintenance and replacement of 
pec adh and the general disturbance of the consumer in 
his home.”’ 

On the suggestion of Mr. Evans, Mr. Masterman referrei 
to the work to be done in the future at Leeds on the ques- 
tion of gas quality in relation to utilization. Such work 
links up directly with other work to be carried out on gas 
manufacture looking ahead to see what new processes of 
manufacture may become practicable. It is not a question 
of calorific value, but a combination of specific gravity and 
flame velocity. When we can express this quantitatively, 
when we have a yardstick, then we can discuss on the one 
hand the manufacturing process and the range of gases it 
will produce, and on the other hand how that range will 
fit in with appliances as we now have them or as they are 
to be developed. 


"Sy 


Gasification with Oxygen. 


Then came the presentation of the 39th Report of the 
Joint Research Committee, which was introduced by Prof. 
Cobb and Dr. F. J. Dent. This Report describes the 
objects of the investigation of complete gasification, recent 
developments in the subject, and the results of experi 
ments on the gasification of coke with oxygen and steam 
at atmospheric pressure. It was found that when coke 
was gasified in mixtures of steam and oxygen the results 
varied widely with the composition of the mixture. As the 
proportion of steam was raised, the gas contained a higher 
percentage of carbon dioxide and there were lower tempera- 
tures in the fuel bed. The consumption of oxygen per 
therm in gas decreased at first, but later increased, and 
the proportion of the heat supplied as coke and steam 
which was obtained as potential heat in gas eventually feil 
considerably. 

By supplying steam and oxygen in the ratio of 1°5:1 by 
volume to a re active coke, the gas produced was compara- 
tively low in carbon dioxide, while the temperatures in 
the fuel bed were not high enough to cause excessive 
clinker trouble. It is probable that the low temperatures 
obtained with reactive fuels will prove important for the 
synthesis of methane under pressure. When the gas was 
low in carbon dioxide, the percentage of carbon monoxide 
was high. Carbon monoxide formation was less. with 
higher steam-oxygen ratios, but, with these, provision 
would be necessary for the removal of carbon dioxide. For 
this reason alone it appears that gasification with oxygen 
and steam will be most suitably carried out under pressure, 
for then the bulk of the carbon dioxide can readily he 
washed from the gas with water. 

At a high steam-oxygen ratio there was a greater oxygen 
consumption per therm, but this disadvantage was con- 
siderably reduced by superheating the ingoing oxygen an: 
steam. A lower oxygen consumption and a higher fraction 
of potential heat in gas were obtained when the reactivity 
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of the coke was increased by adding 2% sodium oxide as 
carbonate. The addition of the sodium carbonate depressed 
the (emperature in the fuel bed and the clinker formed was 
soft and friable. 

The Report includes results for the gasification of coke 
in air and steam mixtures. Comparison emphasizes the 
characteristics of using oxygen undiluted with nitrogen. 
Further, in view of tne widespread familiarity with the 
practice of gasification in air and steam, the results estab- 
lish a link between the laboratory investigation and oper: 
tion on the full scale. Experiments are described which 
show the influence of the rate of gasification and the size 
of fuel used, and some account is given of the factors which 
determine the temperature developed in the fuel bed. 


A Possible Revolutionary Change. 


In the course of the discussion on the Report, Dr. J. G. 
King mentioned that experiments had been carried out «ai 
the Fuel Research Station on the use of coals containing 
16” volatile matter in an ordinary water gas plant, and 
some success has been achieved, producing 160 therms 
of water gas of 320 B.Th.U. per cu.ft. per ton of coal. 
Coal has also been treated in the form of pulverized fuel 
in a chamber of the type of the Vortex burner, and a high- 
erade producer gas (CO. 3, CO 25, without steam) has been 
produced from it. It now remains to extend these experi- 
ments to the use of oxygen and steam both at atmospheric 
pressure and under high pressure and to discover whether 
the Vortex burner or some similar arrangement could form 
a total gasification plant. Dr. King suggested that ii 
should be possible for the Gas Industry to discover whether 
the total gasification of coal might not have a combined 
object (a) in the production of town gas of about 500 
B.Th.U. calorific value, and (b) in the production of syn- 
thesis gas (CO + 2H.) in the manufacture of liquid hydro 
carbons. It certainly does seem possible, he said, that 2 
judicious combination of the two processes would serve the 
purposes of the Industry better than total gasification 
alone. A further possible extension of (a) is the production 
of compressed gas at 800 B.Th.U., and this is also worthy 
of consideration for road transport. 

Mr. H. J. Hodsman remarked that, if the result of the 
study is successful, the consequences will be revolutionary 
and revolutions are not always welcomed. He suggested 
that the long view is here desirable. A process, such as 
the one envisaged, if feasible, cannot be stayed indefinitely. 
The chemical industry, having successfully turned solid into 
liquid fuel, will not stop if there seems to be any advantage 
to be gained by going further, by producing gaseous fuel. 
It would therefore be better for the Gas Industry itself io 
determine its future technique. The complete gasification 
of coal, he continued, would mean the concentration of 
production into fewer and larger units. It would be diffi- 
cult to resist this because it would be hard to assert the 
advantages of gaseous fuel and to contend that these ad- 
vantages do not disclose themselves until the gas reaches 
the service pipe. If the process envisaged means the dis 
tribution of the energy of coal as a sulphur-free coal gas, 
then the Industry should not rest until the feasibility is 
either proved or conclusively disproved. 


Ammonia and Effluents. 


The first item on the programme for the session on Tues- 
day afternoon was the 6th Report of the Liquor Effluents 
and Ammonia Committee, which had a triple introduction 
at the hands of Mr. C. F. Botley, Prof. Cobb, and Dr. 
A. Key. In it results are discussed of experiments to 
determine the effect of gas-works liquors, Pon = and spent, 
on the Bio-chemical Oxygen Demand of sewage at various 
stages of purification, with particular reference to bacteria 
hed treatment of the sewage. It is plain that there may 
he a tendency, when these liquors are admixed with 
sewage, to saddle them with responsibilities not their own. 

An investigation is described of the purification by 
chemical methods of sewage containing gas-works liquors, 
in which there has been a revival of interest recently, 
particularly in America. Owing partly, however, to colour 
production and partly to increased resistance to treatment 
on bacteria beds, chemical treatment is not so successful 
with sewage-gas liquor mixtures as with sewage alone. 
he precipitants added were mainly lime, ferric oxide, and 
mixtures of the two, but experiments were also made with 
chlorine, which could be added in small doses to sewage 
at various stages of treatment with beneficial results. 
With regard to ammonia, comparative field trials have 
been made using ammonium bicarbonate, concentrated 
iquor, and crude ammoniacal liquor as a fertilizer. The 
results indicate that with concentrated liquor, if applied 
with proper precautions, équality of performance with sul- 
phate may be expected. Similarly, with crude ammonia- 
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cal liquor, it would appear that with proper conditions the 
final results should not be much inferior to those given by 
an equivalent amount of sulphate. Ammonium bicarbon- 
ate also, while liable to lose a considerable proportion of 
its ammonia by volatilization when exposed to air currents, 
can be prevented from doing so by a suitable method of 
applying it to the soil, and is then capable of giving re- 
sults in no way inferior to those given by sulphate. The 
results of extended field trials of ammonium bicarbonate 
at Rothamsted and in Germany are analyzed - and 
discussed. 


Dephenolation at Manchester. 


Mr. A. L. Holton, who opened the discussion, suggested 
that the cost of production of ammonium carbonate on a 
large scale is still uncertain, and hence, even if the value 
of the salt as a fertilizer be accepted, it remains uncertain 
whether it could compete with sulphate of ammonia 
economically. He suggested, too, that the general adop- 
tion of the chlorine treatment of sewage might greatly 
accentuate the problem of disposing of gas-works liquor 
and effluent. Dr. Parker, however, in reply to this, ex- 
pressed the opinion that the Gas Industry need not fear 
that chemical treatment in this country will grow to such 
an extent as to cause difficulty in treating sewage contain- 
ing gas liquor. Both Dr. Parker and Dr. Monkhouse think 
that a stage has now been reached at which it might be 
useful to produce a report or brochure summarizing the 
present position and the results to date of the Institution’s 
work on effluents. Such a brochure, remarked Dr. Parker, 
might serve not only as a guide to engineers in selecting 
the best practicable means of overcoming their particular 
local difficulties, but also as a new starting point in con- 
sidering further investigations. 

Reference to the dephenolating plant installed at the 
Partington Works for treating gas liquor was made by Mr. 
Holton. He explained how satisfactory the results have 
proved. In place of an expenditure of £3,000 a year he is 
now getting a credit of £200 after charging the process 
with capital and sinking fund charges. This year he has 
further added to the process at Partington by putting in 
a de-tarring plant which has proved successful. He thinks 
the day is not far distant when even the smallest works 
will be able to avail themselves of such plants and have a 
definite improvement in their effluent liquor. 

fr. P. Parrish put in a strong plea for the working up 
of concentrated liquor and the treatment of this liquor at 
large central works. He mentioned that the South Metro- 
politan Gas Company has developed this question of con 
centrated gas liquor to such an extent that there is sufh- 
cient hydrogen sulphide released in the manufacture of 
sulphuric acid to justify an independent unit of plant for 
the manufacture, at “‘ an incredibly low cost,”’ of sulphuric 
acid from hydrogen sulphide. In national emergency, ob 
served Mr. Parrish, the by-product ammonia problem is 
one of the first order and it is vital in the national interests 
that this question should have very earnest consideration, 


Refractory Materials. 


This brought us to the 27th Report of the Refractory 
Materials Joint Committee, which was introduced by Mr. 
W. Grogono and Mr, A. T. Green. Mr. Green’s summary 
was, as in former years, enlivened by much humour that 
was thoroughly enjoyed by the meeting. During the year 
the action of methane on firebrick and silica materials 
has been studied at 900° C., and disintegration of certain 
of the firebrick specimens has again been observed. The 
silica bricks were not disrupted. The action of town gas 
has also been examined at 500°, 800°, and 900° C. The 
absence of disintegration in the specimens heated at 500° C. 
in coal gas is noteworthy since this is within the range ol 
temperature where breakdown due to the action of carbon 
monoxide may be expected, and the gas used contained 
carbon monoxide and methane in approximately equal 
proportions. 

The Report contains a description of new apparatus by 
means of which the behaviour of joints in tension or com 
pression can be followed up to about 1,400° C. The appara 
tus can also be used to measure the tensile strength of 
joints at high temperatures. There is also an account of 
an attempt to use measurements of the permeability to air 
of cemented and fired joints to assess their gas-tightness 
under different conditions. 

Experiments have been continued on the action of potas- 
sium chloride vapour in the presence of dry or moist air at 
1,000° C., and of the action of the vapour from a potash- 
silica glass at 1,200° C., on different refractory materials. 
With respect to both types of action it has been shown 
that the intensity of the previous firing to which the mate- 
rial has been exposed exerts a considerable effect on the 
weight of vapour absorbed, hard firing tending to reduce 
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the amount taken up. The effect of the porosity of the 
refractory has also been under investigation. 

An interesting observation, probably of some consider- 
able importance, has been made on the action of potassium 
chloride vapour on china clay and firebrick materials at 
1,000° C. . It has been noticed that the specimens expanded 
uniformly , as much as 3% linear expansion being recorded, 
The expansion can only ‘be regarded as indicating some 
breakdown of the brick structure by a process different 
from the normal one of fusion. 

An account is given of experiments designed to ascertain 
the degree of accuracy obtained in_ the measurement of 
subsidence in a Refractoriness-under-Load test in which the 
specimen is heated under a constant load until a predeter- 
mined temperature is reached which is maintained for a 
given period, and the expansion or deformation is recorded. 
Several sources of error, most of which are quite smail, 
have been disclosed during the work. These are dis- 
cussed fully in the Report. 

A recent investigation on the efficiency and performance 
of a muffle tunnel kiln firing glazed pottery by town gas 
is described. It was found that very effective economies, 
in comparison with the old system of firing in intermittent 
kilns, were effected by this system of firing. 


Furnace Atmospheres. 


The last item on Tuesday afternoon was the Report of 
Dr. H. C. Millett, the Research Fellow, and Prof. Cobb 
on the scaling of ‘mild steel in sulphur-free and sulphur- 
containing furnace atmospheres. Experiments are de- 
scribed in which known quantities of nitric oxide were 
added to a synthetic atmosphere, whereby it was demon- 
strated that as the concentration of nitric oxide was in- 
creased there was a progressive increase in scaling, but 
that with the concentration of nitric oxide present in the 
products of combustion of coal gas no scaling effect was 
forthcoming. Moreover, when experiments were made in 
which scaling agents such as free oxygen or sulphur di- 
oxide, or the two together, were added along with the nitric 
oxide, it became clear that the scaling was not appreciably 
increased by the presence of nitric oxide. 

By the use of a gas furnace which allowed temperatures 
of experiment up to 1,300° C., the survey of scaling in 
different ‘‘ neutral ’’ atmospheres, with and without sul- 
phur dioxide, has been extended. As the temperature was 
increased the scaling in both the sulphur-free and sulphur- 
containing atmospheres increased rapidly. The influence 
of 0°2% sulphur dioxide (as resulting from the combustion 
of unpurified coal gas) and 1%, free oxygen has been deter- 
mined for the whole temperature range 700°-1,300° C. It 
has also been shown that at 1,200° C. approximately the 
same additional scaling was brought about by a given per- 
centage of sulphur dioxide whatever the composition cf 
the ‘‘ neutral ’’ atmosphere to which it was added—i.e., 
whatever the composition of the fuel burned. 

A more detailed study has been made of the scaling of 
mild steel in furnace atmospheres containing free oxygen 
at 1,200° C. It was found that with “ neutral’ atmo- 
spheres differing widely in composition, the results obtained 
from oxygen additions were nearly the same, that at this 
temperature higher concentrations of oxygen produced 
more scaling, but that each increment of oxygen had less 
effect until a maximum scaling was probably approached 
with about 5°0 to 60% free oxygen. 

Another phase of the present investigation into the in- 
fluence of furnace atmosphere on the scaling of steel relates 
to this influence as affected by the composition of the steel. 
The results illustrate the influence of the carbon content 
of the steel and also show the remarkable attack of sulphur 
dioxide on some special alloy steels. The influence of 
sulphur is not limited to scaling. It penetrates the metal, 
sometimes forming eutectics with harmful results, and the 
metallographic investigation of these effects will probably 
be of at least equal importance to that of scaling. - 


The Need of the Moment. 


In the discussion which followed, Dr. A. Fells, of the 
Sheffield Gas Company, pointed out that the influence of 
sulphur on the rate and amount of scale formation is not 
the only determining factor in the preference for purified 
town gas. The type of scale formed, on iron oxide, iron 
sulphide eutectic, has a lower fusion point than scale 
formed in a low sulphur content atmosphere, and at the 
high temperature used for heating for rolling and forging, 
this scale fuses and flows from the metal surface on to the 
refractory hearth of the furnace, causing very undesirable 
slagging and consequent frequent repairs to the furnace 
structure. This fusion of the scale and its flow from the 
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chemical attack, has an influence on the greater amount of 
scale formed when using high sulphur-containing fuels. 

The need of the moment, said Dr. Fells, is not for stil] 
further amplification of this existing knowledge, bu‘ for 
scientifically controlled investigation into the practical 
methods of producing the desired atmospheres and the 
designing of furnaces capable of using in an every day 
practical manner the gaseous mixtures so produced. We 
must realize that the application of atmosphere contro] js 
receiving ever-increasing attention by makers of electrically 
heated furnaces and town gas is being used as the basis of 
suitable purging media in preference to the use of cracked 
or partially combusted ammonia, butane, and other cylin- 
der gases. Every attention is being given to the practical 
aspect of this subject in Sheffield, and some measure of 
success has been achieved in the elimination of surface 
damage, particularly in the heating of high speed stcels, 
stainless steels, magnet steels, and the bright annealing of 
non-ferrous metals. 

Dr. C. M. Walter expressed regret that the Report does 
not give more information in regard to straight carbon 
steels running from 0°35 to 0°8 carbon, as these constitute 
an important series in connection with the manufacture of 
tools used in large quantities every day. He also remarked 
that, in assessing the attack of oxygen and sulphur dioxide 
on metals, the condition of the surface makes a great deal 
of difference. If the material has been cold rolled prior 
to heat treatment, it is generally found that it is more 
resistant to attack of sulphur dioxide and oxygen than 
a material with a more open grain. 


Maintenance of Gasholders. 


On resumption of the meeting on Wednesday morning, 
Mr. Thomas Hardie introduced the 3rd Report of the 
Gasholder Committee, which contains a collection of re- 
commendations and reports, of which some have been pre- 
viously published by the Institution and others are pub- 
lished for the first time. Members now have all the recom- 
mendations in a convenient form, and, as Mr. Thomas 
Hardie said, there can be no excuse for their non-adoption 
by lack of knowledge of their existence. He remarked that 
an examination made by the Home Office some little time 
ago showed that only one-half of the gas-works in the 
country had put into operation an adequate system of in- 
spection and kept systematic records, and he was afraid 
that the efforts the Institution have made to stave off the 
imposition of obligatory Government regulations may be 
wasted unless the remaining half come into line. The 
principal object, however, that the Committee have had in 
view in the recommendations that they have put forward 
has been the prevention of accident which may cause dam- 
age to personnel or dislocation of supply; and he urged 
that the recommendations be accepted and immediately 
brought into operation. 

Mr. E. B. Tomlinson, who explained the method of ex- 
amining gasholders in Birmingham, also emphasized the 
great need that the recommendations of the Committee 
should be adopted by 100% of the gas-works in the country. 
Mr. R. Robertson suggested that the reason why so many 
undertakings do not appear to carry out any regular 
system of inspection is probably the preliminary difficulty 
of evolving from the instructions a simple form of proce- 
dure which could be followed without too much work of 
a clerical character; and he thought that a useful purpose 
would be served if a Committee provided suitable forms 
ready for the use of the smaller undertakings. He also 
suggested that the internal inspection recommended 
necessitates at least two gasholders. This, however, said 
Mr. Hardie, is exactly what the Committee has en- 
deavoured to overcome by putting forward the method of 
examining the thickness of sheets without putting the 
holder out of action. Mr. G. M. Gill said that during the 
past four or five years he had written something like a 
thousand reports on gasholders, and with that experience 
he does not feel so happy as one ought to feel from read- 
ing the Report of the Committee. He does not think that 
the risk of. accident can be described as ‘‘ remote.’’ Mr. 
C. §. Shapley joined issue with Mr. Gill on this point, main- 
taining that Mr. Gill’s ‘‘ alarmist attitude ’’ was unwar- 
ranted. Mr. Arthur Valon, however, bore out the words 
of Mr. Gill that in many cases the holders at small works 
are allowed to get into a state such as no holder should 
be allowed to be in. Every holder that has been in exist- 
ence for 30 years or more, he observed, should be inspected 
very carefully, not only externally, but also thoroughly 
and completely internally. In his experience a very large 
number of holders have never been inspected at all. It is 
wrong to believe that all is well with holders because they 
continue to work and because they appear, from the out- 
side, to have been properly maintained by being painted 
at regular intervals. 
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Remova! of Sulphur. 


The next item was the presentation by Mr, E. V. Evans 
of the Report on the removal of sulphur compounds from 
town gas down to 10 gr. per 100 cu.ft. In this Report 
the extent to which the sulphur content of town gas can 
be reduced by the oil washing and active carbon processes 
for benzole extraction and by a catalytic process is de- 
gribed. It is concluded that (1) Processes already exist 
whereby the sulphur content of town gas can be reduced 
to 10 gr. per 100 cu.ft. Two of these processes, in par- 
ticular—namely, the active carbon process for benzole 
extraction operated by the Gas Light and Coke Company, 
which removes the thiophen and some of the carbon 
disulphide, and the catalytic process of the South Metro- 
politan Gas Company, which removes the carbon disuiphide 
and little of the thiophen—have been thoroughly tested 
and proved successful in large-scale operation over pro- 
longed periods. (2) A modification of the normal oil 
washing process for benzole extraction has been developed 
by the Gas Light and Coke Company whereby the sulphur 
content of town gas should be economically reducible to 
less than 10 gr. per 100 cu.ft. (3) Virtually complete re- 
moval of sulphur from town gas should be attainable by 
combining in series the oil washing or active carbon pro- 
cess with the catalytic process, or by operating the active 
carbon process with a reduced adsorption period. In 
either case, however, increased operation costs would be 
involved. (4) An all-round reduction of the sulphur con- 
tent of town gas to 10 gr. per 100 cu.ft. would represent an 
immediate advance which is both possible and strongly to 
be recommended. 


Again, “ Sulphur Must Go.” 


Discussion on the Report was opened by Dr. Harold 
Hartley, who not unexpectedly put forward the view that 
a 10 gr. limit would not prove satisfactory. What we need 
is a sulphur-free gas. Salespeople to-day, he remarked, 
are compelled by force of circumstances to advocate the 
use of flueless appliances. As far as the domestic field is 
concerned the scope for gas heating would be very much 
widened if gas could be burned fluelessly without the ob- 
jectionable feature of producing sulphur dioxide and _ sul- 
phur trioxide. Mr. Dean Chandler expressed the hope 
that the Report will result in some definite action being 
taken without undue delay to achieve throughout the In- 
dustry the elimination of sulphur, which will enable con- 
sumers to burn gas fluelessly without the most sensitive 
person being conscious of the presence of sulphur products 
in the atmosphere. It cannot be disputed that, although 
the amount of sulphur products in the atmosphere in 
rooms in which gas is being burned is extremely small and 
quite harmless to health, their mere presence is against the 
best interests of the Gas Industry. The important task of 
the Gas Industry to-day is to deal with this matter of 
purification from sulphur with as little delay as possible. 
Mr. H. E. Bloor told the meeting how a reduction in 
sulphur compounds in the gas at York had eliminated the 
trouble of the formation of a bloom on the finished product 
when a gas with a high sulphur content was used for glass 
melting. As far as this particular application of gas is 
concerned the amount by which the sulphur compounds 
have been reduced at York is quite adequate; but Mr. 
Bloor asked for a pronouncement as to the limit to which 
the reduction should go when it came to the question of 
burning gas fluelessly. If anything short of the complete 
removal of sulphur would render it impossible for a sensi- 
tive person to detect that gas is burning in an apartment 
in sufficient quantity to heat that apartment, then that 
would be the limiting point, and this limit needs precise 
definition. Mr. A. MacKay mentioned how at Stoke-on- 
Trent he commenced benzole extraction three years ago 
primarily as a commercial: proposition and secondly to 
obtain benefit as regards naphthalene and organic sulphur 
reduction in the gas. A low-sulphur gas has made possible 
direct firing of pottery ware, eliminating the heat wastage 
due to the employment of muffle ovens, saggars, or other 
protective materials. The results he has achieved have 
entirely justified the efforts, but the reduction in sulphur 
with the amount of oil circulated at Stoke has not been so 
great as the figures quoted in the Report. 


A Solution to Gum Troubles. 


This brought us to the presentation by Mr. Hollings of 
the Paper on the formation of nitrogenous gum during the 
storage and distribution of gas. It is concluded that gum 
deposits found in the gas distribution systems of some 
English Gas Undertakings are due to interaction between 
small quantities of nitric oxide, oxygen, and certain un- 
saturated hydrocarbons, such as butadiene and cyclo- 
pentadiene. Most of the nitric oxide in town gas is due to 
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waste combustion gases drawn into the retorts from the 
heating flues, or to air drawn in at the retort mouthpieces 
which burns inside the retorts. Coal itself also yields some 
nitric oxide. y 

Very little nitric oxide is abstracted in the ammonia 
recovery plant, but the iron oxide purifiers normally ab- 
sorb about 50% of it. The gas leaving the oxide of iron 
purifiers contains nitric oxide but no gum. Most of the 
gum is formed in the gasholders, although any nitric oxide 
in the gas leaving a works may later react to form gum 
during distribution. It is believed that the distribution of 
a mixture of stored and unstored gas, which sometimes 
happens unavoidably, is particularly objectionable. 

The view is put forward that the gasholders have two 
functions in addition to that of storage: (1) To allow any 
nitric oxide in the gas to react, and (2) to allow the gum 
formed time to settle. The second of these functions is the 
more important and, although large holder volume is of 
great assistance, it has been found that gum particles 
settle at a greatly increased rate if the gas is in such a state 
that moisture is condensing. It may even be necessary to 
add live steam at the holder inlet in hot weather in order 
to promote saturation and subsequent condensation. For 
these reasons, any gas drying process should be installed 
at the outlet of the gasholders. 

The mechanism of the reaction between nitric oxide, 
oxygen, and conjugated diolefines has been studied. The 
rate of reaction in coal gas is primarily dependent upon 
the concentration of diolefines, although the effect of varia- 
tion in temperature and oxygen content is also important. 
In most coal gases and in carburetted water gas the con- 
centration of diolefines is sufficient to cause rapid reaction. 

When gas is stripped by active carbon, the diolefines 
may be removed to such an extent that reaction in the 
resulting gas is either extremely sluggish or entirely sus- 
pended. In such cases the admixture of unstripped car- 
buretted water gas is desirable. The normal type of oil 
washing process for benzole usually leaves sufficient diole- 
fines in the stripped gas for subsequent reaction to proceed 
normally. Methods of measuring nitric oxide, and the 
weight, size, and number of gum particles in gas, are de- 
scribed in full. 

It is concluded that the nitric oxide content of crude 
gas may be reduced by increased attention to maintenance 
of tight retorts and fittings, and by pressure control in the 
retorts. The installation of any gas drying process at the 
holder outlet, instead of the inlet, will substantially 
accelerate the deposition of gum particles in the gasholder. 
The adequate storage of gas in holders having the inlet 
and outlet pipes far removed is also advantageous. 

The discussion on the Paper covered a wide range, from 
the purely theoretical aspects of the reaction to the prac- 
tical considerations arising out of the steaming of holders. 
Mr. Norman Hudson, of Mirfield, outlined experiments he 
has made by inserting orifice plates in the gas stream, 
thereby controlling to a certain extent trouble from gum. 
Mr. D. M. Henshaw suggested that the subject of gum 
prevention and removal was of such importance that it 
might well be a matter of research by the Institution itself. 


Small Governors. 


The first Paper at the final session was by Mr. H. J. 
Hadow and Mr. L. H. Pinkess on small gas governors. 
This reviews the factors influencing the performance, de- 
sign, and manufacture of low pressure governors, and dis- 
cusses briefly the advantages of a governed gas supply. 
The performance of a simple type of governor is taken ‘as 
a basis and the effect of inlet pressure and of gas rate is 
considered. The methods of compensation for these effects 
are discussed. The performance to be expected from bulk 
deliveries is considered, together with a number of points 
affecting the manufacture of diaphragms of consistent per- 
formance, the performance of governors at low rates, the 
loading, the phenomenon known as “ chattering,’’ and 
other practical points which experience has shown to he 
worthy of attention. Volume governors are dealt with 
separately on the same lines, and a comparison is drawn 
between them and pressure governors. 

Brief mention is made of specification and the tests to 
which bulk deliveries should be submitted. Two Appen- 
dices are included in which, respectively, the considerations 
which necessitate different treatment for high pressure 
governors are analyzed, and a suggested method of deter- 
a the performance of a leather diaphragm is dis- 
cussed. 

In the discussion Col. Peebles expressed the hope that 
the Industry will act as it has done with gas meters and 
issue some sort of guiding specification so that standardized 
sizes and performance of governors will be called for. Mr. 
Dean Chandler suggested that when it is a question of . 
maintaining a reasonably constant gas pressure in the 
home, then the use of one regulating device for the purpose 
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of pressure control is preferable to a number of small units. 
He exhibited a meter having a governor as an integral 
part. Mr. W. E. Benton, of Cannon Iron Foundries, feels 
that there is room for an instrument which would enable 
one to preselect a consumption, much as one selects a 
temperature on a thermostat. For many circumstances in 
cooking and heating the demand is not so much for a 
guaranteed temperature as for a guaranteed gas rate. The 
thermostat, for all its usefulness, he said, is not an ideal 
instrument on a domestic gas oven. An adjustable con 
stant volume governor having a fairly wide range of con 
trol would be a most useful addition to our list of gas 
regulators. 


New Method of Measuring Radiation. 


At this stage Dr. Harold Hartley, of Radiation Ltd., 
introduced the Paper by himself and Mr. A, R., Bennett 
describing a new method of measuring the heat radiated 
by sources such as the gas fire. It has been developed 
following a somewhat exceptional experience with the 
apparatus as hitherto used in the Gas Industry, and the 
Authors believe it differs in principle from any method 
previously suggested for such determinations. Sections of 
the Report deal respectively with: An examination cf 
existing methods of test, giving reasons for believing that 
improvement is needed; the development and design of the 
integrating radiometer, following the Authors’ decision to 
use an integrating method; the test procedure and the cali- 
bration of the apparatus. An Appendix contains a mathe- 
matical discussion dealing with the cooling correction and 
possible geometrical errors in the method. 

Dr. Margaret Fishenden, who opened the discussion, 
observed that with fires having a curious distribution of 
heat it is necessary to determine the distribution as well 
as the total radiation. Mr. J. W. Wood remarked that the 
new instrument is one which for ingenuity in conception 
should appeal to all Dr. Hartley’s scientific colleagues in 
the Industry. It is one which appeals to Mr. Wood very 
much as an improvement on anything else we have for the 


Centenary of Gas in Grimsby 


Coincides with B.C.G.A. District Conference 


In connection with the B.C.G.A. Eastern District Con 
ference held on Oct. 30 at Grimsby, the Directors of the 
Great Grimsby Gas Company gave a luncheon at the Royal 
Hotel to the delegates and other prominent local figures. 


Mr. W. H. Wintringham (Chairman and Managing 
Director of the Company) presided, and among the guests 
were the Mayor (Ald. J. W. Prior), Sir Walter Womersley, 
M.P., Sir George Moody, and Councillor W. P. Jackson, 
of Manchester (President of the B.C.G.A.) 

The Toast of the ‘‘ County Borough of Grimsby ”’ was 
proposed by Councillor W. P. Jackson and responded to by 
the Mayor, after which ‘*‘ The Gas Industry ’’ was pro 
posed by Sir Walter Womersley, who observed that it was 
an all-British Industry and possibly the best customer of 
the coal industry throughout the country. 


In response, Mr. Wintringham remarked that it was a 
hundred years ago this month since gas was first turned 
on in that borough by Richard Holme, of Kingston-upon- 
Hull. He started the first works near Corporation Bridge. 
He was a pioneer of the Gas Company, and two years from 
the start he was.able to offer the people of Grimsby then 
living in Victoria Street, King Edward Streeet, and Bur- 
gess Street gas at 12s. 6d. per 1,000 ft. When he lit the 
streets for the first time the gas was so aristocratic that it 
was ‘* blue blood ”’ gas. 


In 1846 they had the formation of the Company he re- 
presented, Their first expenditure was the enormous sum 
of £850. From that time to this, and practically without 
interruption that same Company had been making gas, 
first at Holme Street, then at Sheepfold Street, where they 
had their works to-day. 


It was a great pleasure to have with them such men 

" ‘ 
as Mr. John Terrace (a former manager), and Colonel Ken- 
nington, the present Manager. They had also been well 
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systematic testing of gas fires, particularly when it is a 
case of testing great numbers of fires with a view to effect- 
ing improvements in design and testing deliveries of dif. 
ferent types of gas fire. Mr. H. J. Hodsman spoke »{ the 
advantages the new instrument will confer in the me sure- 
ment of radiation from solid fuel fires. 


General Discussion. 


This brought us to the general discussion on gas research 
and investigation following presentation of the 2nd Re- 
port of the Research Executive Committee by Mr. Ff, P, 
Tarratt. The changed focus of the research work was re- 
ferred to by Mr. Hollings. One of the important changes 
has been the recognition that the staff working for the 
Committee need no longer examine existing established 
methods and that they may be employed more profitably 
at the University investigating new problems. A much 
longer view is being taken, and the Research Executive 
Committee now holds a more courageous belief that the 
Gas Industry is more research-minded. Dr. G. E. Foxwell 
queried whether the Industry is doing enough research, 
and suggested that the Institution should approach the 
British Gas Federation to see whether research cannot be 
placed on a much larger basis. He also put forward sug 
gestions in regard to new lines of research. Dr. Harold 
Hartley thought that consideration should be given to the 
appointment of a full-time Director of Research and also 
to the establishment of a Gas Research Association with a 
view to obtaining Government support. Mr. C. A. Master- 
man, who explained what have been the activities of the 
Joint Lighting Committee, said that before spending an, 
more on research we should ensure that we get full value 
from the research already being done. 





Vote of Thanks. 


The meeting closed by an omnibus vote of thanks to all 
those who had contributed to the success of the meeting. 
The vote was proposed by Mr. A. E. Ruffhead and the 
President responded. 


served by the Broadheads, and they were to-day magnifi- 
cently served by John Kennington. 

_The Toast of ‘‘ The Visitors ’’ was proposed by Lieut.- 
Col. W. W. Smethurst and acknowledged by Mr. John 
Terrace, who said that the ten years he spent at Grimsby 
were about the ten happiest years of his life. 

After lunch there was an exhibition of films, including 
the ** Nutrition ’’ film which was so well received in 
London. 


W.G.C. Branch Formed. 


Coincident with the Conference the inaugural meeting 
of the local branch of the Women’s Gas Council was held 
in the Grimsby Town Hall—the Mayoress (Mrs. J. W. 
Prior) presiding. 

** Any organization having as its aim the raising of the 
standard of living, deserves our full support,’’ said the 
Mayoress. 

Science, she said, in introducing Miss K. M. Halpin, 
Organizing Secretary of the Women’s Gas Council, had 
placed in their hands the means of removing much of the 
drudgery from household tasks, and the Council formed a 
valuable link between the scientist and the housewife. 

Miss Halpin then outlined the aims and objects of the 
W.G.C., which were, very briefly, the raising of the stan- 
dard of home life and the simplification of domestic work 
by better planning and construction. 

The home had been called a machine to live in, said Miss 
Halpin. If that was so there must be efficiency in all its 
corners; no dirt, no waste space, and no opportunity for 
loss of energy or time. The Gas Council’s branches inter- 
ested themselves in all those various aspects of the home, 
and, in addition to discussing them, found much of edu- 
cational value to do in their particular area. 

By helping the education of re-housed slum-dwellers, and 
hy cookery and other demonstrations at unemployment 
centres and domestic science classes for working girls, they 
were training both the present and the next generation in 
the use of modern appliances. 
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The Autumn 
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Research Meeting 


OF THE 


INSTITUTION OF 


GAS ENGINEERS 


Eleven Reports and Papers were presented and discussed at 
the 8th Autumn Research Meeting of the Institution of Gas 
Engineers, which was held at the Institution of Mechanical 
Engineers in London on Nov. 3 and 4, under the Presidency 











THE PRESIDENT, 


Stephen Lacey, B.Sc., M.Inst.C.E. 








The 13th Report of the 
Gas Education 
Committee, 1935-36 


Included in this Report are the names of successful candidates in 

the 1936 Examinations of the Institution, as published in the 

“JOURNAL” for July 22 (p. 224); the Questions set in the 

Examinations, published in the ‘JOURNAL ” for May 6 (p. 343); 

and also the Report of the Examiners—see “JOURNAL” for 
July 22 (p. 226). 


Communication No. 138. 


From Ist October, 1936, a Second Class Higher Grade 
Certificate in Gas Engineering or Gas Supply will be 
sufficient for entry to the Diploma Examination in Gas 
Engineering (Manufacture) or (Supply). 

On and after Ist October, 1936, candidates for the 
Diploma Examinations of the Institution who cannot pro- 
duce the usual Educational Certificates or other satisfactory 
evidence .as to the standard of their general education, 
will be required to submit themselves to an Examination 
conducted by the Institution and consisting of :- 

(i) an Essay, 

(ii) a General Knowledge Paper, 

(iii) a conversation based more or less on the candidates’ 
work under (i) and (ii). 

The Oral Examination forming part of the Gas Fitting 
Examinations of the City and Guilds of London Institute 
will be discontinued from and including the 1987 Examina- 
tions for the Gas Fitting Certificates. 

The following additional amendments have been made to 
the 1984 Revision of the Education Regulations :— 

(i) paragraph (s) ‘‘ Recent Developments ’’ has been 
deleted from the Syllabus in Higher Grade Gas 
Supply. 

(ii) the Subjects of Benzole Recovery and Dehydration of 
Gas have been added to the Syllabuses in Ordinary 
and Higher Grade Gas Engineering. 

An Annual Gas Education Conference consisting of the 
following persons and such others as may be co-opted by 
the Council of the Institution for the purpose of attending 
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a particular Conference, is to be convened in place of the 
Gas Education Consultative Committee. 

Each representative or nominee in each group will serve, 
subject to his remaining qualified, for three years and 
retire in each group in rotation, but be eligible for re- 
election. 

The Examiners of the City and Guilds of London Insti- 
tute in Gas Works Practice, Gas Supply Practice, and 
Gas Fitting will be regarded as members of the Board of 
Examiners for the purpose of attending the Conference. 

The object of this alteration is to provide for an Annual 
Conference with a definite and representative membership. 

The Comparative Statistical Schedule of Examination 
Candidates, 1927-1936, indicates that the number of Ex- 
aminees is being maintained. 

There were nine candidates for the Diploma in Gas En- 
gineering (Manufacture) and one candidate for the Diploma 
in Gas Engineering (Supply). 

The Charles Hunt Memorial Medals for 1936 were not 
awarded. 


Introduction. 


Sir Francis GOODENOUGH: The Report of the Gas Edu- 
cation Committee for 1935-36, which I now place before 
you, follows the usual form of a brief reference to what 
has happened during the year, accompanied by detailed 
information and statistics. 

The machinery for the administration of the scheme— 
thanks largely to the District Committees and to the work 
of the Executive Committee on which Mr. Terrace gives 
such valuable service, for which I, as Chairman of the 
Main Committee, am deeply grateful to him—continues to 
run smoothly; but continual attention is always being 
given to slight modifications which are likely to prove bene- 
ficial both to the scheme and the students. You will there- 
fore notice (a) that the City and Guilds of London Institute 
are now officially represented on the Committee, and (b) 
that a Second Class Certificate in the Higher Grade Ex- 
amination will, in future, be sufficient for entry to the 
Diploma Examinations in Gas Engineering (Manufacture) 
or (Supply). , 

It was felt, and I am sure members will agree, that the 
main object of the Education Scheme was and is to provide 
educational facilities for’ the benefit of the greatest num- 
ber, and that the time of students would be more profitably 
spent in extending their knowledge than in striving to gain 
an arbitrary percentage of marks. This does not mean a 
lowering of the standard, but everyone does not possess 
the same aptitude for answering examination questions, 
and such will be encouraged to pursue their studies in new 
fields, and later have an opportunity of being tested by 
other methods than a written Paper only. 

It was also felt that the Oral Examination forming part 
of the Gas Fitting Examination could not be equitably ap- 
plied, and it has therefore been withdrawn. 

For some time difficulty has been experienced as to the 
proof of satisfactory evidence of general education for those 
proceeding to the Diploma, and it will be noted that in 
doubtful cases opportunity has been provided for them to 
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satisfy a panel appointed to judge of this on certain definite 
lines, 

Another modification is introduced to increase the use- 
fulness of the Consultative Committee by giving it a definite 
and extended constitution. 

No Short Course for Teachers in Gas Engineering and 
Gas Supply was held last year. The Committee recognize 
that there is a limit to the usefulness of such courses, as 
most of the teachers have already benefited by them in 
previous years; and they and we are deeply grateful to the 
Board of Education for the practical help they have given 
to those who by the nature of the subjects taught are en- 
gaged in the Industry and are mostly part-time teachers. 
Next July the Board of Education proposes conducting a 
Short Course for Teachers in ‘‘ Gas Fitting,’’ and it is 
hoped that Gas Undertakings, which have members of their 
staff teaching this important subject, will use their influ- 
ence towards making the course a success and give facili- 
ties to their staff for attending the course. 

The Comparative Statistical Schedule given in Appen- 
dix 1 shows a satisfactory continuity of the numbers of 
candidates for the various examinations; in particular, the 
number taking the examinations in Gas Fitting is main- 
tained at a very high figure, 1,852 sitting for the examina- 
tions. To meet the suggestions made from time to time 
that students find difficulty in deciding subjects suitable 
for Theses for the Diploma Examination, lists of suggested 


subjects are given in Appendices 5 and 6. 


Day-Time Classes. 


A subject not mentioned in the Report which has been 
receiving attention and which might with advantage be 
discussed, is the growth of the movement for giving facili- 
ties for juniors to attend classes during the day time; while 
at the same time the Committee are very pleased to learn 
of the arrangements made through the activities of the 
Yorkshire Gas Education Committee for a course of Post 
Advanced Lectures to be given at Huddersfield Technical 
College. 

You will, I am sure, join the Committee in regretting 
that Mr. Walter Hole finds the effort of attending meet- 
ings so far from home too tiring for his advancing years 
and that he has accordingly resigned. He was intimately 
connected with the movement for the provision of the Edu- 
cation Scheme from the commencement, and in the early 
days did yeoman service (to which I should personally like 
to pay tribute) in making known by visits to the meetings 
of District Associations the proposals of the Committee (of 
which he was a member) engaged in the preliminary work 
of the Scheme; and afterwards for a number of years as 
the very energetic Organizing Secretary. Since then he 
has been an active member of the Education Committee 
and the Executive Committee, where his long experience, 
genial personality, and enthusiasm for education in the Gas 
Industry have made him a most desirable and helpful col- 
league whom we shall greatly miss. Let us extend to him 
very warm thanks for his past services and wish him long 
years of health and happiness in his complete retirement. 

May I, in conclusion, make reference to the gratification 
with which I learnt at your Summer Meeting that you had 
honoured me by making me an Honorary Member of the 
Institution. This leads me to think you may wish me to 
continue to serve the members in connection with your 
Education Scheme with which I have always been proud 
and happy to be associated and which I will gladly con- 
tinue to serve so long as it is your wish, and I can do so 
usefully. 


Discussion. 
Dr. J. N. Lone: In the Gas Industry you have some 
excellent material. I find, with some knowledge of 


students behind me, that you have coming into the In- 
dustry some of the best material I have ever found in 
technical colleges. You will be listening to Reports of 
Committees on corrosion, naphthalene in gas, &c., but I 
would like to take this opportunity of emphasizing that 
there is no research which is more important to you than 
the work of the Education Committee because you are 
training the personnel of the Industry. You are training 
the lifeblood of the Industry, and whether you decide to 
have vertical retorts or horizontal retorts, whether you de- 
cide to reduce the sulphur in the gas or leave it alone, the 
final point of it all is your personnel. My student days are 
not too far behind me for me to put myself in the place 
of an ambitious student seeking promotion and I should 
like to ask you to do two things. If you are advertising 
for technical staff, support your Institution and your Gas 
Education Committee where you can by stating that the 
holder of an ordinary certificate in gas supply or a 
higher, as the case may be, will be preferred. Too little 
do we see advertisements giving a little bit of encourage- 
ment to students by stating specifically that the holder 
of a certificate would be preferred. Secondly, there are 
also too many advertisements in which the salary is not 
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stated. _ You see advertisements asking for particulars 
of experience and the salary required, and I ask you to 
put yourselves in the place of the young man who wants 
promotion and wonders how little he should ask to get on 
to your staff. You must surely know how much the job 
is worth, and F do plead with you to state it and give the 
young man a chance to decide whether he can move or jot. 
As to the Examiners’ Reports, on the whole they are \ery 
fair, and I recognize in them many of my own critic sms 
of the technical scheme. One thing that crops up year 
after year is the question of sketching. Your Examiners 
will haye-to say what they mean by sketching. Do they 
want a ruled drawing or do they want a freehand sketch. 
If they will tell us in the technical colleges what they 
want we will do it for them. The student spends too 
much time with rules and compasses on a question which 
ought frequently to be attempted by a diagrammatic 
sketch. Then, of course, you will support those of your 
staffs who study at the local technical colleges. Do your 
best for them, as a little encouragement here and there js 
most helpful. In London it is my very great privilege to 
work with a Company which has very high ideals in that 
respect. I would not go so far as to suggest that you 
should help these students with their home work because 
you may run into difficulties later. Another point I want 
to draw attention to is that we want you to encourage 
students to take the Diploma examination. In London, of 
course, there is a multiplicity of courses, but it is exceed- 
ingly difficult for the student to know where to go for these 
advanced courses. Could not the Institution, with the co- 
operation of my colleagues in the technical colleges, draw 
up each year a circular which would state specifically where 
courses are to be found. London is a very big place and 
students have to travel many miles to find their evening 
education. 

Dr. P. C. L. THorne: It has been a year of internal re- 
construction rather than one of expansion. The number 
of centres where the courses are running has remained 
practically stationary, and the number of students enter- 
ing for the examination has not very much increased, but 
I am convinced myself that this policy is sound. The 
amount of reconstruction that has been going on is not 
very obvious, but there is one short sentence in the Report 
which says ‘* Thirty-one courses have been revised,’”’ and 
curiously enough although some of these courses are ten 
years old and when it was put to the technical colleges 
that they were getting out of date they were only too glad 
to revise them and put down something more in accord 
with present day practice. We ask for your encouragement 
to the students who are taking these courses. I should 
like to divert your attention for a moment from the Edu- 
cation Committee to the country and the colleges where 
the work is really done. You have actually week in and 
week out, day after day and every evening, these classes 
going on from which students are being drawn to make up 
the inevitable wastage in the Industry, and I would ask 
you to give every encouragement to that work. First of 
all as to the students. Last year the advantages of part 
time day training were mentioned, and I am glad to say 
this year that we have a number of centres in which part 
time day training is going on. That, I am sure, will in- 
crease when people perceive its advantages. That it has 
advantages is shown by a letter which I saw the other day 
from a considerable employer who regretted that he could 
not send his lads to part-time day classes because when 
they had been there a short time they went away and got 
better jobs! That, I think, is a very good testimonial to 
the efficacy of this class of training. Perhaps even more 
important is the question of teachers. The teachers are 
mostly from your Industry. They work very hard in the 
day-time and also very hard at night in taking these 
classes. We could not possibly carry on the scheme with- 
out them, and again I ask for your consideration for the 
teachers. Last year the Board decided not to run courses 
for teachers in gas engineering and supply, but this year 
they have been persuaded to run a course for teachers in 
gas fitting. I always feel that these have not had the en- 
couragement they might have had in the past. This year 
they came to the other courses which were not really de- 
signed for them, and I think if we design a course specially 
for them we shall get therm in considerable numbers. The 
details of the course are not yet arranged, but it will be 
held sometime about the first week in July, and I hope 
when the details come out you will encourage in every 
possible way the members of your staffs who are engaged 
in teaching gas fitting to come to the course. A separate 
course is being run in London for London and I am hoping 
that there will be another one possibly in the Midlands so 
as to be central. 


Gas Fitting Students. 

Mr. C. H. Creasey: I spoke last year on the desirability 
of giving facilities to students who hitherto had only been 
able to attend evening classes, to enable them to attend 
part-time day classes. There is a considerable amount of 
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time o'f allowed to young gas fitters. There is quite a 
considerable volume of part-time day classes in_ the 
country which are attended by young fitters, and that is 
all to ‘he good, but what I specially pleaded for last year 
was vreater facilities for those students who had shown 
during the previous two or three or four years that they 
ssed more than the average capacity and _persever- 
ance. That is what I had in mind and that is what I 
wish to emphasize. I believe there is a fair amount of 
that going on, but inasmuch as these students who are 
allowed time off in the day time are attending classes 
primacily arranged for other classes of students it is not 
easy to get the statistics. Nevertheless, there is a general 
movement in that direction, and it is a very welcome one. 

With regard to Dr. Thorne’s remarks about gas fitting 
students, I should like to add a little to what he said to 
show you the importance of it from the purely educational 
side. There are 100 subjects examined by the City and 
Guilds of London Institute, and gas fitting is one of them. 
There are over 1,800 students in England in gas fitting; 
that is, about 10 per cent. of the whole of the examinations 
of the City and Guilds Institute are gas fitting students 
and gas fitting is 1 per cent. of the number of subjects 
for which examinations are provided, so that it is really 
a very extensive matter. Students to the number of 1,800 
may not be a very large proportion of those engaged in the 
Industry, but when you compare this number with the 
examinations in other subjects it stands out very 
prominently. : 

With regard to Dr. Long’s comment on drawing, I have 
a very great deal of sympathy with him. We have always 
had a difficulty in knowing exactly what was required, and 
when I was organizing gas teachers’ courses I spoke to 
members of the Board of Examiners to know exactly what 
was wanted, and I think we concluded that what was 
wanted was a sketch, preferably on squared paper, with 
one or two leading dimensions in order to give some idea 
that the student had the thing really in his mind. The 
advantages of squared paper are that it is easier to set 
things out in proper proportion, and if you put one or 
two leading dimensions on, it enables the student to show 
the examiner how much he knows about the thing. 

With regard to the Diploma, I am sure the members 
of the Committee are as anxious as anybody else to en- 
courage a larger number of students to come into the 
Diploma, and if there is anything they can do to make 
the step to the Diploma easier they will do so. Whether 
or not we can do what Dr. Long suggests and put out at 
the beginning of the session a list of the subjects and of 
the places where instruction can be obtained in these sub- 
jects is a matter which we might consider. At the same 
time it very often happens that the students who are keen 
on obtaining instruction can get the information in London 
more quickly than we can get it. They can get it very 
quickly by application to the Education Authorities, who 
have a record of all that is going on in the area. 


posse 


Homework. 


Dr. G. E. Foxweti: Dr. Long suggested that we should 
not help the students with their homework, but I am going 
to suggest to gas engineers that there is a right and wrong 
way of helping students with their homework. I was talk- 
ing on one occasion to the headmaster of one of our large 
public schools, and he told me of a boy he had who was 
marvellous at mathematics until half way through one 
term the boy suddenly collapsed and could not get a thing 
right. It was then discovered that the boy’s grandfather, 
who lived with him at home, was an old mathematician 
and insisted on doing the boy’s homework. Then the grand- 
father had died! On the other hand, I do find—and I 
have been a student as well as a teacher—that the teacher 
does not always get the individual boy to understand the 
subject. You cannot teach a whole lot of boys, perhaps 
50 or 20, and know that every boy has grasped the subject, 
but if the boy can go with his homework and speak io 
somebody at the works and be shown how to do it and 
have the difficulties explained to him through the medium 
of the question, even though he apparently has not done 
that question for himself, he will learn a lot more than if 
he is left to struggle with the question, and perhaps even 
then not understand it. d 

Mr. F. Nicuotts (Newcastle-on-Tyne): I have been in- 
terested to hear the remarks with regard to sketches rather 
from the point of view of others than the student. I have 
had a little experience with students with regard to 
sketches, and I have rather come to the conclusion that 
this rather monotonous comment we get every year about 
sketches will continue unless the Examiners can decide, 
first, what they require and, secondly, whether they are 
giving the student sufficient time. I have tried things like 
conveyors to see what is the minimum number of lines in 
which they can be sketched, rather like some of the poster 
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artists, and I have come to the conclusion, which is shared 
by the students, that the students do not get sufficient time 
for the purpose. I was always told that in examinations 
you should spend ten minutes in reading through the whole 
of the question and decide what was required and leave, 
if possible, twenty minutes at the end for final revision. If 
you take the difference divided by the average number of 
questions, the student does not generally get much more 
than half-an-hour for the question, and if you allow him 
half of that for writing down the question and half for 
his sketch, it does not give much time. How often do we 
find the examiners airily ask for a sketch of a horizontal 
setting and a description of how it works. One student 
asked me whether the examiners had ever tried their own 
questions. I think that is a very fair question, and I sug- 
gest that if the examiners would take an actual answer and 
sketch and try them against a stop-watch, it would have 
a very salutary effect. The great trouble is that the 
students have not time to get out a decent sketch and to 
answer the question. 

Mr. Joun Terrace (Vice-Chairman, Education Com- 
mittee): When I was a youth it was the usual thing that 
we went to work at 6 o’clock in the morning, did our 
so-called day’s work, and went to classes in the evening, 
and I think in many ways that worked very well. I think 
we turned out a fairly good product. Now the time of 
working is greatly reduced and other facilities are given to 
those who wish to attend classes, too many of which, 
unfortunately, are still in the evening. I am going to 
claim, however, that the result is that we turn out a better 
product. The education scheme was started over ten years 
ago, and I am always very grateful that it was decided 
then, and stuck to in spite of opposition, that the scheme 
should provide education and not be what would have been 
very much easier, an examination scheme only. In the 
early days we had tremendous difficulties, many of them 
real. The education facilities which were then offered 
were taken as the basis of the education scheme, but it was 
found in some cases that facilities which were all right on 
paper did not really exist, and in the early days we had 
a struggle to overcome these difficulties. The result was 
that, fighting in many cases almost with our backs to the 
wall, I think we may claim we have made the education 
scheme a success. The point I want to make is that diffi- 
culties always result in development, and I am just a little 
bit afraid at the present time, when we see everything is 
going very satisfactorily, we may be led to become a little 
indifferent to the necessity, which is more important now 
than ever, of providing and seeing that our employees 
are given the opportunity of participating in the education 
which is provided. In that connection I would like to refer 
to Mr. Creasey’s remark about the work which takes place 
behind the scenes. Naturally, we have quite a lot of routine 
work to do with regard to settling what the students may 
or may not do according to the regulations, but whether 
it is because we have so much to do, I sometimes think 
it is because we are so busy that we get ourselves warmed 
up and look round for more work to do. Last’ year Mr. 
Dixon made a suggestion that it might be possible to find 
out by making enquiries from the different undertakings 
what field was available for education. That was very 
seriously taken in hand, and after very careful considera- 
tion a questionnaire was sent out, but you know the diffi- 
culties with questionnaires and how everybody hates the 
sight of them. Therefore, instead of sending it broadcast 
over the’ whole of the country, we have picked out one 
particular area which we knew was very well supplied 
with education facilities in the way of technical colleges 
and asked the District Association to cover that area and 
send out the questionnaire to their members, but these 
things take time. We have put in a great deal of time 
on this, and the results have been received, but they only 
arrived a week or so ago, and we have not yet had time 
to see what use we can make of them, or whether we are 
going to extend this idea. The point I want to make fs, 
do not let us sit down and say that now the education 
scheme is going on all right there is no need to do any- 
thing more. Let us make all the difficulties we can about 
it and in overcoming those difficulties develop that 
strength which is so necessary to make the scheme a 
success. 

I think there is only one point I should like to pick out, 
and that is what Dr. Long said with regard to advertise- 
ments for staff. I do hope that all of you who are adver- 
tising for applicants or positions will, wherever possible, 
state the salary. I think it is grossly unfair, after a 
student has gone to the trouble to prepare himself in the 
way he has, to have to say what salary he requires. If 
you state the salary the man will then know whether he 
wants to make application or not, and if you state the 
salary too low you will not get the applicants, and then 
you will know where you are. 
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Research Chemist : James W. Wood, M.Sc.Tech., A.I.C. 


Research Assistants: E. Parrish, M.Sc.Tech. 
A. H. Eastwood, Ph.D., B.Sc., 
ASS. 


The Report furnishes direct experimental evidence as to 
the behaviour of typical metals towards the products of 
combustion of town gas of low sulphur content (4 gr. ard 
0'1 gr. of sulphur per 100 cu.ft. respectively) and replaces 
the extrapolations of the 36th Report, for which experi- 
mental values were only available down to 8 gr. of sulphur 
per 100 cu.ft. A complete series of corrosion experiments 
has thus been made, in which the sulphur content of the 
gas was systematically reduced in stages from 50 gr. per 
100 cu.ft. to 0°1 gr., and the results will now be reviewed 
as a whole. 

The experiments were conducted with a series of water- 
cooled metal tubes of different materials, subjected to the 
continuous action of the products of combustion under 
comparable conditions for several weeks. Some 95 per 
cent. of the water produced by the combustion of the gas 
was condensed on the inner surface of the tubes; this, 
together with the sulphur and nitrogen acids dissolved 
therein, formed the main corroding medium. The metals 
used are indicated in Table 1a. 


TABLE 1.—Summary of Corrosion Tests 


Tests at Different Sulphur 
Contents of Gas 


Average Operating Conditions, 


V. IV. Ill. 1b. II. 
1 2 3 ‘ 5 6 


Sulphur content of gas, grains per toocu.ft. o'10 4°0 81 256 51°2 


Duration of testindays . . . . ..+ « (42 42 42 12 21 
Gas consumption, cu.ft. per tube per day. . 12°96 12°93 12°73 11°66 12°21 
Water produced by combustion of gas, c.c. 

per cu.ft. s e/ @ “* 4 - 18*g I8°9 |20°4 19°4 20°2 
Water condensed as percentage of that pro- 

duced by combustion of gas, per cent. . 95 95 94 gI 94 
Concentration of CQO, in flue gases, per cent. | 8°5 8°7 71 8°o 71°3 
Dilution factort - s ° 5°6 5°3 5°7 6°3 6°5 
Sulphur content of flue gases, grains per 

wOPGUIE . so «we 0s & 4 ie POE et eeS lew res 


* Run Ib} followed without break after Run Ia of 15 days’ duration, using the same 
specimens of metal. 

+ Cubic feet of dry flue gases (i.e.. products of combustion + excess air) per cu.ft. 
of gas burned. 
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The course of the corrosion was followed by the quonti- 
tative collection of the condensates in 3-day ba hes 
which were subjected to chemical analysis to ascertai: the 
amounts of metal, sulphur acids, and nitrogen acids they 
contained. Precipitates thrown down by the conden ites 
and deposits adhering to the tubes at the end of the test, 
were also analysed and taken into account. The ess: tial 
operating conditions and the most important result: are 
summarized in Tables 1 and 1a. 

There was sufficient irregularity in the rate of corrosion 
during the early stages of the tests with some metas to 
justify the use of a period so long as several weeks fo: the 
corrosion test. 
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Figure 1.—Variation of Corrosion with Sulphur Content 
oj Gas. 


It was found that with all the metals examined, cor- 
rosion to a small but definite extent occurred, even when 
the sulphur was almost completely removed from the gas. 
This corrosion was mainly caused by the nitrous and nitric 
acids produced during combustion. With two exceptions 
(lead and solder), the amount of corrosion actually ob- 
served when using the gas of lowest sulphur content (0°1 gr. 
per 100 cu.ft.) was slightly less than that predicted in the 
36th Report, and in no case exceeded 0°5 g. of metal per 
100 cu.ft. of gas burned (cf. Table 14, Col. 7, or Figure 1). 


TABLE 14.—Summary of Corrosion Tests (Continued). 


Sulphur Retention in Condensate, Per Cent.? 


Material 

\ BV. Ill Ib 

1 2 3 + 5 
Lead , 61 II’! 11°4 9°6 
Tin , : Kia sal 12°5 8'2 
Solder (1 , ; 62 15°3 12°! 7°8 

Solder (2) 12°6 oe 
Aluminium 98°0 9g0°3 50°0 19°3 
Brass (70/30) P > 95°1 81°2 37°8 
Copper, hard : 960 94°7 90°3 42°3 
Copper, soft . ee ee 95°4 47°2 
{ 6° . 51°2 
Iron, black a ea ; mt ectiy 
Iron, galvanized , on 97°2 gi‘I 82°9 
Zinc er a ° 100°0 id 95°9 89°5 

Nickel ... . ee ee 92°4 ° 


Average Rate of Corrosion as Measured by Weight of Metal 
in Condensate. Grammes per 100 Cu.Ft. of Gas Burned. 











II. V, IV. Ill. 1b. II. 
6 7 8 9 10 11 
71 0° 387 0° 036 o'o19 o'O13 0° 008 
6°5 ee ee 0° 003 0°006 0° 007 
6°6 o'I21 O°O14 0'OI7 0°023 O'Or14 
5°9 ee ee o°o16 ee 0'O12 
15°4 0°027 o°15 O°15 0°18 0°23 
26°9 ee 0°43§ 0°63 0° 86 1°43 
29°00 0° 164 0°43 0°69 0°97 1°54 
31°5 oe es 0°74 I*Ol 1°70 
61°5 0° 085 ee 0°86 1°54 3°20 
ie (0° 456)4 o6 (1°86)4 (2°20)4 (4°48)* 
717°3 oe ee 1°20 2°84 4°73 
89°9 0° 303 0°74 1°27 3°33 6°07 
os oe ee. ‘10 “v oe 


} Sulphur in condensate as percentage of sulphur in gas burned. 
{ Corrosion corrected for meta! in deposits adhering to tubes. 


§ (64/36) instead of (70/30). 
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The amount of corrosion per 100 cu.ft. of gas burned 
fell continuously as the sulphur content of the gas was 
reduced in stages from 50 gr. to 01 gr. per 100 cu.ft. 
Below a certain value (in the present experiments slightly 
below 8 gr. of sulphur per 100 cu.ft., but liable to be some- 
what influenced by the metals used and the conditions of 
experiment) there was a more rapid drop in the rate of 
corrosion, but at no time did it diminish as rapidly as 
the sulphur content of the gas. Lead and solder were ex- 
ceptional in giving an increasing rate of corrosion at low 
sulphur concentrations. 

The division of the commoner metals into three groups 
with good, medium, and poor resistance to corrosion re- 
spectively, as shown by Table 14, was originally made with 
respect to a typical town gas containing 25 gr. of sulphur 
per 100 cu.ft. Down to 4 gr. per 100 cu.ft. this classifica- 
tion is still serviceable, although the differences between 
the metals become less pronounced as the sulphur content 
of the gas falls. Below 4 gr., however, conditions un- 


favourable to the formation of a protective coating may- 


cause considerable displacements in the order of merit of 
the metals. This is shown by the values in Column 7 of 
Table 14 and the intersection of the corrosion curves in the 
bottom left-hand corner of Figure 1. 

The percentage sulphur retention in the condensates 
(mainly as free and combined sulphuric acid) increased as 
the sulphur content of the gas was reduced, and as can be 
seen from Columns 2-6 of Table 14, the values covered a 
wide range. The weight of sulphur retained, however, fell 
as the sulphur content of the gas was reduced, but not 
proportionately. This, and the change in direction of the 
corrosion curves referred to above, are intimately con- 
nected. 

The amount of free acid in the condensates was small 
and diminished as the sulphur content of the gas fell; for 
gas containing 0°1 gr. of sulphur per 100 cu.ft. most of the 
condensates were nearly neutral or feebly alkaline. 

From the nature of the results, it is impracticable to 
quote a typical figure for the ratio nitric:sulphurie acid 
in the condensates. The maximum amount of nitric acid 
found was 15°3 mg. per 100 c.c. of condensate, equivalent 
as regards combining power with metals to only 1°2 gr. 
of sulphur per 100 cu.ft. of gas. Nevertheless, the nitric 
acid was subject to much smaller variation than the sul- 
phuric acid, and at the lowest sulphur concentration ac- 
counted for almost the whole of the corrosion taking place. 

The experiments as a whole show that by reducing the 
sulphur content of town gas a considerable reduction in 
corrosion was effected in circumstances favouring the con- 
densation of the water produced by the combustion of the 
gas. 


Introduction. 


Mr. E. V. Evans, Chairman of the Joint Research Com- 
mittee, introducing the 38th and 39th Reports, said: In 
the 38th Report of the Committee, Mr. Wood deals with 
the completion of his experiments upon the corrosion which 
occurs when the products of combustion from gas contain- 
ing various amounts of sulphur are cooled so that the water 
vapour condenses completely in the presence of metals. 
Arising out of a discussion of this work your Committee 
decided that a useful purpose would be served if we col- 
lected together the valuable information available regard- 
ing the known processes for the removal of sulphur 
compounds from coal gas, and this has been done, and a 
communication will be presented to you. 

The subject matter of the 39th Report on ‘‘ The In- 
vestigation into the Use of Oxygen and High Pressure in 
Complete Gasification ’’ merits a few words of explanation. 
Your Committee fully realize the importance of the prob- 
lems associated with the development of sales and the 
utilization of gas and how much the time of the gas 
administrator to-day is occupied with these particular 
matters. They feel, however, that the Industry would be 
wrong to neglect the development of the manufacturing 
side of its business for, looking ahead, it appears not un- 
likely that the solution of our sales problems will interact 
upon the manufacturing side of the business and produce 
fresh problems there. The large fields which the gas 
salesmen are developing to-day are water heating, space 
heating, and the industrial load, fields where solid fuel has 
hitherto been almost unchallenged. Through the efforts 
of our gas salesmen and the improvement in the service 
we are rendering, the public is coming to realize the im- 
portance and value of having an adequate supply of gas 
tlways on tap and ready for every purpose. With the 
changing mode of life in the large towns and with the 
further development of labour saving appliances, it is 
really not difficult to foresee a time when the domestic 
-hovel for solid fuel and for its aftermath, the ashes, will 
ecome just as obsolete as the village pump now is as a 
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means: of water supply. The conversion of coal into gas, 
or perhaps better to please the purists I should say the 
conversion of the latent thermal energy in coal into latent 
thermal energy in gas, is, after all, an achievement in 
applied chemistry, and in my opinion one of its greatest 
achievements, but during the last twenty years the 
technique of applied chemistry has altered materially. 
Hydrogenation at high pressures, and at atmospheric prés- 
sures with, or in the absence of, a catalyst, has opened 
wide fields of development, and your Committee believe 
that we should be most unwise if we did not seek to avail 
ourselves of the application of this newer technique to the 
gas manufacturing process. The complete conversion of 
coal into gaseous fuel is already practised, but the nature 
of the gas obtained differs very much from that which 
most of us consider to be necessary for universal use. It 
is too rich in carbon monoxide and inadequate in heating 
value. The main problem, therefore, with which your 
Committee are faced at the moment is the synthesis of 
methane and other allied hydrocarbons from carbon 
monoxide / hydrogen mixture. 

The work contained in the 39th Report forms a natural 
introduction to the wider field which we hope to cover, and 
because the field is so wide we have invited the collabora- 
tion of the Fuel Research Board in studying certain 
aspects of our problems. A definite joint plan of campaign 
has been framed. One of the aspects of the synthesis of 
methane under high pressure is about to be studied, and it 
has been feared by some that the introduction of such a 
process in gas manufacture will bring with it endless diffi- 
culties. I remember that the same views were expressed 
when the chemical industry embarked upon this problem. 
When it is realized, however, what operations at high 
pressure can do to reduce the size of plant, when a 12 in. 
main becomes a 2 in. pipe and how quietly and simply 
these processes work, the other side of the picture may be 
presented. Your Committee hope that by some such 
means as those which we intend to investigate, the whole 
of the gas manufacturing process may be conducted in a 
single building and in such a manner as will form a proper 
subject, may I say, of civic pride. 

Some of these notions may seem to you to be wild and 
extravagant and such criticism is justifiable. But, you 
see, a Research Committee must be allowed such licence, 
and you must be consoled by the thought that the chemists 
who follow me will present you with facts, and it will be 
upon such facts, and such facts only, that you will form 
your judgment. 


Discussion. 


Dr. W. H. J. VeRNon (Senior Scientific Officer, Chemical 
Research Laboratory, Teddington): As the Authors point 
out, this marks the completion of a definite stage of the 
subject; perhaps I should emphasize the word “‘ stage ”’ 
because, with every respect for the great amount that has 
been achieved, it must be admitted that there are phases 
which still require investigation. Some, indeed, have 
emerged during the course of the work, so that it is oppor- 
tune, perhaps, to express the hope that the suspension 
to which reference has been made will be but temporary, 
and that this very valuable work will be extended to the 
investigation ,of other appropriate parts of the field. The 
present Report is especially noteworthy because it sets out 
the results obtained by reducing the sulphur content almost 
to zero, and I think that marks a logical development of 
the previous Reports. That is a very marked achievement, 
but strikingly enough the corrosion is not eliminated. In 
fact, in one or two cases, as Dr. Wood has pointed out, 
the corrosion values are actually increased as compared 
with the results on products of rather low sulphur content. 

In the early days of this work, when reduction of the 
sulphur content from relatively high values was found to 
bring about a great reduction in the corrosion raté, I 
believe the slogan ‘“‘ Sulphur Must Go ” was started, but 
now we find there is a residual corrosion due to nitrous 
and nitric acids. I do not know whether we should now 
start a slogan ‘‘ Nitrogen Must Go,’’ but at all events 
these results in the absence of sulphur and sulphur dioxide 
are extremely interesting from the corrosion point of view. 
The increased rate of attack of lead and solder in the 
absence of SO. is no doubt explained by the solubility 
of lead nitrate as compared with the insolubility and pro- 
tective character of the lead sulphate that is produced in 
the presence of higher concentrations of SO.. Similarly, 
the less attack on solder as compared with lead is presum- 
ably explained by the presence of tin oxide, and no doubt 
Dr. Wood will agree that this affords a striking illustra- 
tion of the principle that applies throughout all corrosion 
phenomena—viz., that the course of corrosion is very, very 
frequently controlled by the nature of the surface films, 
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and the intrinsic behaviour of the metal, if there is such 
a thing, comes very little into the picture. : 

In discussing the corrosion of brass, the Authors direct 
attention to what they call the “ selective removal ”’ of 
zine which occurred in the tests with gas of low sulphur 
content, and they contrast this with the absence of such 
selective removal in the earlier tests. They give no ex- 
planation for this difference, but remark that the change 
in chemical composition of the brass would scarcely 
account for it, the point being that the brass contained 
36 per cent. of zinc as compared with 30 per cent. in the 
previous tests. I would suggest, however, that the matter 
becomes much clearer if it is borne in mind that the 
so-called dezincification of brass really consists, as shown 
by Bengough and others, in copper re-deposition. The 
brass is first attacked and dissolved as a whole and then 
the unattacked brass is attacked with copper in solution 
displaced by a process of electrolytic displacement. It will 
be evident that the larger the amount of zinc in the brass 
the greater will be the potential and the greater the ten- 
dency to displace copper, so that that may just tip the 
electrochemical scale and facilitate copper re-deposition. 
In the later tests there was a certain amount of residual 
deposit of metal itself. Anything in the nature of a mem- 
brane on the surface facilitates copper re-deposition be- 
cause it holds the solution in contact with the metal so 
that the fact that in these tests we had a certain amount 
of products adhering to the specimen will also facilitate 
copper re-deposition, and, I suggest, accounts for the re- 
sults which the Authors observed. It is not always per- 
fectly clear in the Report whether the Authors depend 
entirely on the metal carried away in the solution as a 
measure of corrosion, or whether the corrosion value in- 
cludes the deposit on the metal. In most cases, of course, 
the deposit is small, so that very little error could arise, 
but there are a few instances where there seems to be a 
little uncertainty in that matter. I should like to ask 
what information the Authors have about the distribution 
of corrosion. We are told the weight of metal removed 
by corrosion from each specimen, but would like to know 
whether this is to be assumed to be uniformly distributed 
or whether it is localized in the form of pitting. 


Utilization Yardstick. 


Mr. C. A. MasTerMAN (Gas Light and Coke): There are 
three Papers at this meeting dealing with sulphur. One 
deals with sulphur removal in the manufacturing process, 
and the other two deal with sulphur from the gas utiliza- 
tion point of view, and the last two Papers are limited to 
the two extremes—viz., very dry, very high temperature 
conditions on the one hand, and low temperature condi- 
tions, with ample condensation, on the other, and the gap 
of knowledge in the middle—really the most vital part— 
remains unfilled. Nevertheless, the work that has been 
done on sulphur has carried us a very long way from 
where we were a few years ago when use was first made 
of the slogan ‘‘ Sulphur Must Go.’’ At that time it was 
felt that those wretched utilization people were creating 
another difficulty for the gas engineer in asking for some- 
thing quite impossible. 1 do hope it is now appreciated 
that the difficulties are no creation of the gas utilization 
man. They are very real, but, on the other hand, sulphur 
from a practical and economic point of view can to a large 
extent now be removed. After all, the purpose ultimately 
of making gas is to sell gas, and if the product that we 
try to sell is not up to very searching modern requirements 
our future will definitely be very limited. But I do not 
think our future is limited. I anticipate very considerable 
development in the next few years, which will add very 
substantially to the amount of gas used in the home, and 
most of these developments will require the use of gas 
fluelessly. I take this opportunity of referring to the work 
to be done in the future at Leeds upon the question of gas 
quality in relation to gas utilization. The real trouble, of 
course, is that the Institution directly is able to support 
only a very limited amount of research work, and hence 
we come to the present situation of starting a vital piece 
of work and having to stop something only a little less 
vital. The satisfactory part of this work on gas quality 
so far as it reflects on gas utilization is that it now links 
up directly with the other work to be done on gas manu- 
facture by the Institution. You have the work on gas 
manufacture looking ahead to see what new processes of 
manufacture in five, ten, twenty, or thirty years may be- 
come practicable, but on the other side we want informa- 
tion as to how that new type of gas, whatever it may be, 
is going to affect—and it will affect—the utilization pro- 
blem. It is not enough merely to produce so many therms 
of some type of gas or other because specific gravity and 
flame velocity have a very important bearing on the be- 
haviour of gas appliances. I therefore welcome the refer- 
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ence in the Report to the fact that before undertaking 
actual laboratory experimental work Mr. Wood is review. 
ing the work already done with a view to seeking where 
further direct work is required. The next step woul: seem 
to me to be the establishment on proper considerec lines 
of a yardstick. We have at present no means of expr: ssing 
this gas quality or gas utilization point of view, bit we 
want to know how to express it. It is not a question of 
calorific value, but a combination of specific gravit, and 
flame velocity, and when we can express it quantita ‘ively 
we can discuss the manufacturing process and what kind 
of range it will produce, and how that range will {it in 
with appliances as we now have them or as they are to 
be developed. I have no doubt that once that range has 
been expressed, new burners and appliances more suitable 
and better than at present will be developed, and ‘that, 
as I see it, is not the end or the ultimate semi-end cf the 
work now to be started at Leeds. 


‘Sulphur Must Go.”’ 


Dr. Harotp Hartiey (Radiation Ltd.): The Summary 
published in the opening pages of the Communication con- 
cludes with the sentence— 


The experiments as a whole show that by reducing the 
sulphur content of town gas a considerable reduction in 
corrosion was effected in circumstances favouring the con- 
densation of the water produced by the combustion of the 
gas. 


This represents the result to date of three years’ work by 
two chemists, and an expenditure which no doubt must 
have run into some thousands of pounds. The fact was 
generally known prior to the initiation of the work. The 
very guarded remarks in this concluding Corrosion Report 
seem to suggest either a scrupulous regard for terms of 
reference or an unwillingness on the part of the Committee 
guiding the research to recognize the realities of the posi- 
tion. I presume the publication of these Corrosion Re- 
ports can be taken to indicate that the Institution officially 
recognizes that the presence of sulphur compounds in coal 
gas is harmful in so far at least as the life of appliances 
is concerned. I do hope those responsible for the making 
and supply of coal gas realize that in their own interests 
they must really do something about this sulphur question, 
and the Industry must face squarely the need for a 
sulphur free gas. Sulphur must go, and there will be no 
peace for the makers of coal gas until it has gone. 

One of.the interesting points brought out in the present 
Report is summarized in Figure 14, which indicates a rapid 
falling-off in the amount of attack in the case of a number 
of the substances examined, once the sulphur content of 
the gas has been reduced below 8 grains per 100 cu.ft. 
Thus another incentive is provided for the complete 
removal of the sulphur. The removal of sulphur from a 
25 grain gas even in the case of brass reduced the corrosion 
by about 80 per cent. This would have a marked effect on 
the life and need for maintenance of an appliance. The 
products of combustion might still be corrosive owing to 
the presence of oxides of nitrogen even if the coal gas were 
sulphur free, and I hope the Research Committee will 
undertake at an early date an investigation into the origin 
of these oxides of nitrogen. 


Need for Investigation. 


The need for such an investigation is foreshadowed on 
other grounds in Mr. Hollings’s Report on the gum ques- 
tion. Certain amounts of oxides of nitrogen are formed 
during the carbonization of the coal, but in-leakage of flue 
gases into the retorts may give rise to very large increases 
in the amount present. Then again there are traces of am- 
monia to be considered, and in any case it is probable that 
the burning in air of a mixture of methane, carbon 
monoxide, and hydrogen would of itself lead to the forma- 
tion of traces of oxides of nitrogen. First get rid of sul- 
phur and then tackle the oxides of nitrogen problem. 

Any corrosion of flue passages is especially objectionable 
when occurring in a piece of apparatus designed to permit 
of the flueless use of gas for heating purposes. Corrosion 
may lead to obstruction of the flue passages with con- 
sequent interference with combustion and the formation 
of toxic products. 


The Industry have a great deal at stake, and it seems 
always fatally easy to adopt a wrong policy. By force of 
circumstances we are being compelled to advocate the use 
of flueless appliances for domestic heating even though our 
experience tells us that under present conditions there are 
many objections to this policy. We can strengthen our 
position by supplying through a gas which gives products 
of combustion free from oxides of sulphur. 
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The expansion of the use of gas for heating purposes 
makes it increasingly advisable for the Gas Industry to 
study all possible manufacturing processes likely to in- 
crease the latitude within which the proportion between 
primary and secondary products may be varied. The 
matter of the present investigation is to explore the possi- 
bilities of complete gasification using oxygen and high 
pressure. 

The use of oxygen in gas manufacture received attention 
in a Paper by H. J. Hodsman and J. W. Cobb, read before 
the Institution in 1920. These Authors appreciated the 
limitations of plant design and efficiency due to external 
heating in carbonization and intermittent operation in 
water gas production, both characteristics to be ascribed 
to the necessity of avoiding dilution of the gas with atmo- 
spheric nitrogen. The Paper proposed to avoid the limita- 
tions by using oxygen in place of air for the generation of 
the heat requirements of the processes and, in the absence 
of direct tests, data calculated from the results of normal 
operation were used for illustration. The proposal attracted 
considerable attention and was followed by Papers of a 
similar speculative nature from various sources. Un- 
fortunately, it was not pursued by thorough experi- 
mental investigation. The results were published of 
a few isolated tests, mostly by American workers, but 
these cannot be regarded as more than preliminary. As so 
often occurs, premature consideration was given to 
economic aspects, before technical possibilities were fully 
known. It became generally accepted that the cost of 
oxygen would more than counterbalance the gains which 
might be expected, that the gas produced would contain 
an undesirably high proportion of both carbon monoxide 
and dioxide, that the calorific value of the gas would be 
too low for economic distribution, and that trouble would 
result from reaching abnormally high temperatures in the 
fuel bed, 

Little advance was made for some time until German 
workers became interested in gasification with oxygen as 
a means of utilizing lignite. It is remarkable how soon 
the anticipated technical difficulties were then largely over- 
come. It was claimed that, by gasification with oxygen 
admixed with considerable quantities of steam, a gas was 
produced which, after purification, had a calorific value of 
450-500 B.Th.U. per cu.ft., a specific gravity of 0°43, a 
carbon monoxide content of 20-25 per cent. and 2-8 per 
cent. carbon dioxide. The oxygen consumption was given 
as 33-34 cu.ft. per therm of gas made, and the temperatures 
in the fuel bed were stated to be too low to form clinker. 

These interesting results were obtained by the Lurgi 
Gesellschaft fiir Wairmetechnik m.b.H. when gasifying 
lignite with oxygen under pressures of about 300 Ib. per 
sq.in. The application of high pressures was held to have 
many advantages. It affected the methane equilibrium in 
such a way that the synthesis of methane from carbon 
monoxide, carbon dioxide, and hydrogen took place at such 
high temperatures as 700°-800° C., at which the reaction 
proceeded with greater rapidity. In addition, high pres- 
sure allowed lower gas velocities through the fuel and a 
correspondingly longer time for the reactions to occur. It 
was found that favourable conditions were secured in the 
fuel bed of the Lurgi generator and considerable methane 
formation was obtained without the use of special 
catalysts. The gas leaving the fuel bed contained ap- 
proximately 15 per cent. methane which largely accounted 
for its high calorific value. 

When the gas was produced under pressure, purification 
was simplified, and required only a small plant. Tar and 
light oils were readily deposited. while it was claimed that 
most of the carbon dioxide and hydrogen sulphide could 
be removed by washing with water. After purification, 
the high pressure would be available for distant trans- 
mission of the gas if this were desired. 
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Gasifying fuel with steam and onveie under pressure 
did not involve the high compression charges which might 


be anticipated. The steam was generated at the pressure 
required and only the relatively small volume of oxygen 
needed compression. The low oxygen consumption was 
ascribed partly to the superheating of the steam and 
oxygen supplies and partly to the use of the heat given 
out by the methane reactions for steam decomposition. A 
brief description of the Lurgi plant and a more detailed 
statement of its performance are given on page 13 of this 
Report. 

These developments in complete gasification are clearly 
of the utmost importance, and it is believed that their 
possibilities have not yet been fully demonstrated. The 
present laboratory investigation is being carried out 
mainly because it does not necessarily follow that the pro- 
cess evolved in Germany for the utilization of reactive 
non-caking lignite combines the various features of the use 
of oxygen and high pressure in a manner most suited to 
the coals of this country. 

It has been convenient to separate the laboratory in- 
vestigation into two stages, viz., (a) a study of the initial 
reactions between oxygen and carbon, the heat evolved 
generating comparatively high temperatures and being ab- 
sorbed in the decomposition of steam with the production 
of carbon dioxide, carbon monoxide, and hydrogen, and 
(b) a study of the interaction of these gases to form 
methane which, probably, will occur only at lower tem- 
peratures obtained, for example, as a result of continued 
steam decomposition in the upper part of the fuel bed. In 
the investigation of the first stage, accidental loss of heat 
from the fuel being gasified must be avoided, and it was 
difficult to devise a laboratory apparatus which would 
meet this requirement and at the same time permit the 
use of high pressure, the essential for the second stage. 
Thus it was decided to make the experiments on gasifica- 
tion with oxygen at atmospheric pressure and to study 
methane formation in a high pressure apparatus working 
at predetermined temperatures. The experiments de- 
scribed in this Report are solely concerned with the first 
stage, viz., gasification with oxygen. Later reports will 
deal with work in the high pressure apparatus. 

The separation of the two stages has, however, more 
significance than a simplification of experimental technique, 
for it should lead to results which, on the one hand, show 
the possibilities of gasification with oxygen when methane 
synthesis is not attempted and, on the other, indicate the 
best conditions for methane synthesis irrespective of 
whether oxygen is used in the first stage. Moreover, it 
may be found that, even when using oxygen, a similar 
separation is desirable in practice since the procedure may 
permit a more precise control. 

The following are the main indications of the experi- 
ments described in this Report. When coke was gasified 
in mixtures of steam and oxygen, the results varied widely 
with the composition of the mixture. As the proportion 
of steam was raised, the gas contained a higher percentage 
of carbon dioxide and there were lower temperatures in 
the fuel bed. The consumption of oxygen per therm in 
gas decreased at first but later increased, and the pro- 
portion of the heat supplied as coke and steam which was 
obtained as potential heat in gas eventually fell consider- 
ably. These changes are illustrated by the data in Table 
A, which were obtained with a reactive coke from a 
weakly caking coal. 

It is seen that by supplying steam and oxygen in the 
ratio of 1°55: 1 by volume, the gas produced was compara- 
tively low in carbon dioxide, while the temperatures in 
the fuel bed were not high enough to cause excessive 
clinker trouble. This was only the case, however, with a 
reactive coke. When using a coke of low reactivity, 
typical of those produced from fusible coals, a temperature 
of 1,414° C. was reached with a steam-oxygen ratio of 3°0, 
and the gas then contained 17°8 per cent. carbon dioxide. 
It is probable that the low temperatures obtained with 
reactive fuels will also prove important for the synthesis 
of methane under pressure. 

The results in Table A show that when the gas was low 
in carbon dioxide, the percentage of carbon monoxide was 
high. Carbon monoxide formation was less with higher 
steam-oxygen ratios, but, with these, provision would be 
necessary for the removal of carbon dioxide. For this 
reason alone it appears that gasification with oxygen and 
steam will be most suitably carried out under pressure, 
for then the bulk of the carbon dioxide can readily be 
washed from the gas with water. 

At a high steam-oxygen ratio there was a greater oxygen 
consumption per therm, but this disadvantage was con- 
siderably reduced by superheating the ingoing oxygen and 
steam. Table B gives results for gasification in steam and 
oxygen supplied at 700° C. in the ratio of 10 to 1. The 
figures in Col. 2 are experimental values observed with a 
reactive coke in the laboratory apparatus. In Col. 3, 
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TABLE A.—The Influence of the Relative Proportions of Steam and Oxygen on the Gasification of Coke. 
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Oxygen supplied, cu.ft. perthermingas . . 81°2 





allowance has been made for a full-scale fuel bed, 5 ft. 
deep and, making assumptions stated in the Report, for 
the use of coal instead of coke, 


TABLE B.—Results with Oxygen and Steam Supplied at 700° C. 


Estimated Values 
for a Fuel Bed, 
5 Ft. Deep, Using 
Coal. 


Experimental 
—— Values for a Coke 
Column 8 In, Deep. 


I 2 3 

Vol. steam per vol.oxygen . . 10 
Temp. of steam and — sup- 

plies, ° C. . 700 700 


As co, As co, | 
Made. Free. Made. Free. 
Composition of gas, per cent. by 
vol.— 
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ee eer 23°7 32°1 
ee ee oe tr. See 66"0 
CH4 ee ve 
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Neg. . ° — 14 1°9 
Specific gravity of gas : air=1 es os 
Calorific value of - B.Th.U. er 
ou.f. . ee 313 se 350 | 
| 
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Steam decomposed, per cent. 34°0 42°0 
Max. temp. in fuel bed, ° C. ; 1,188 1,188 » | 
Potential heat of gas, per cent. of } 
total heat supplied . 68°1 77°7 
Yield of gas, therms per ton of coal } 
gasified. 
Oxygen consumption, 


therm in gas 


267°1 


** | | 
ony 39°6 


cu.ft. per 


It is estimated that, with intermediate degrees of pre- 
heat, the oxygen consumptions with coal would be as fol- 
lows: 46°0 cu.ft. per therm when preheating to 600° C., 
52°4 cu.ft. with 500° C., and 58°6 cu.ft. with 400° C. 

A still lower oxygen consumption and a higher fraction 
of potential heat in gas were obtained when the reactivity 
of the coke was further increased by adding 2 per cent. 
sodium oxide as carbonate. Then, the experimental values 
pointed to an oxygen consumption of 35°5 cu.ft. per therm, 
with 80°9 per cent. as potential heat in gas, for the use of 
coal with a full-scale fuel bed. The addition of the sodium 
carbonate depressed the temperature in the fuel bed, the 
maximum being 1,070° C., and the clinker formed was soft 
and friable. 

The results indicate that the products of the initial re- 
actions of gasification in steam and oxygen, when supple- 
mented by distillation gases and freed from carbon 
dioxide, give a mixed gas with a calorific value of approxi- 
mately 350 B.Th.U. per cu.ft. The Lurgi process allows 
this mixture to interact under pressure with the synthesis 
of methane and the consequent advantage of a higher 
calorific value. It should be borne in mind, however, that 
the rate of methane formation, even under pressure, will, 
probably, always be slower than the initial reactions of 
carbon with oxygen and steam. If this proves to be so, 
the production of gas of a higher calorific value will re- 
quire a lower rate of gasification in order to allow the time 
necessary for methane synthesis, and vice versa. Thus, 
although the present results were obtained at atmospheric 
pressure, in many respects they can be taken as repre- 
senting the behaviour at high pressure when the rate of 
gasification is increased to the point at which methane 
synthesis is negligible. It is believed that under such 
conditions extraordinarily high outputs will be obtainable 
from non-caking fuel since high pressure, in any case de- 
sirable for the removal of carbon dioxide, will reduce the 
tendency for material to be carried over from the generator. 
Final conclusions on this aspect cannot be reached, how- 
ever, until the second stage of the investigation shows the 
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extent to which methane formation is sacrificed in obtain- 
ing a higher output. 

The Report includes resuits for the gasification of coke 
in air and steam mixtures. Comparison emphasizes the 
characteristics of using oxygen undiluted with nitrogen, 
Further, in view of the widespread familiarity with the 
practice of gasification in air and steam, the results estab- 
lish a link between the laboratory investigation and 
operation on the full scale. 

Experiments are described which show the influence of 
the rate of gasification and the size of fuel used. Some 
discussion is given of the factors which determine the tem- 
perature developed in the fuel bed. There are also resu!ts 
for the gasification of coke in oxygen-nitrogen and oxygen- 
carbon dioxide mixtures. 

The Report concludes with a section dealing with ex- 
periments on raising the temperature of a coke bed, so 
storing heat in it, by blowing with air, oxygen-enriched 
air, and oxygen. The characteristics of oxygen or oxygen- 
enriched air for this purpose proved to be reductions of 
the formation of carbon monoxide and the loss of sensible 
heat in exit gases. These would be advantages for the 
manufacture of water gas by the normal intermittent pro- 
cess. When using oxygen, however, the heat storage was 
concentrated in a shallow zone of the fuel bed and, ac- 
cordingly, would require a shorter operating cycle and a 
lower rate of steam supply during the run period. It ap- 
pears that the use of oxygen will generally show the 
greatest advantage when supplied with the steam in a 
continuous process. 


THE RESULTS OBTAINED BY THE LURGI 
GESELLSCHAFT FUR WARMETECHNIK, m.b.H. 


The following acount is written after conversation with 
representatives of the Lurgi Company at Frankfurt. 

After preliminary laboratory experiments had confirmed 
that gasification at high pressure led to methane synthesis, 
the Lurgi Company erected a plant on a semi-commercial 
scale. The generator had a cross sectional area of 10°4 
sq.ft., and, with lignite as fuel, 700,000 cu.ft. of gas were 
obtained per day. The output was then limited by the 
oxygen supply available, and not by operating difficulties. 

The generator accommodated a fuel bed approximately 
10 ft. deep, the fuel being introduced at the top through 
a double coned charger. Ash was extracted by a rotary 
grate into an ash collecting chamber, also fitted with 
double cone valves. Contrary to expectations, operating 
at high pressure did not lead to difficulties in charging the 
fuel and extracting the ash. No leakage of gas occurred 
through the valves concerned, presumably owing to the 
high pressure acting on them. 

Around the generator was a water jacket in which the 
pressure was kept at that used for gasification. Thus, the 
gasification pressure was borne by the cool outer shell 
which was of 1} in. steel. With the steam and oxygen 
supplies used, the temperatures in the fuel bed were not 
high enough to produce clinker. In consequence, it was 
possible to line the jacket with firebrick and so reduce the 
amount of heat absorbed by it. 

Most of the tests on the experimental plant have been 
made with lignite of } to } in. size; it was considered neces- 
sary to remove grades below } in. 

At the high pressure the gas velocity was low and, as a 
result, the resistance thrown by the fuel bed was equiva- 
lent to only 2 in. w.g. Over considerable periods of work- 
ing there was no evidence of dust being carried forward in 
the gas. 

The highest temperatures in the fuel bed were found 
where the combustion of the oxygen occurred. Choice of 
grate speed enabled the hot zone to be maintained at the 
base of the fuel bed, any tendency for the zone to move up 
the generator being indicated by suitably placed pyro- 
meters. 

The ratio of steam and oxygen supplies was approxi- 
mately 10 to 1 by vol. The ratio was chosen so that the 
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temperatures in the upper part of the fuel bed were most 
favourable for methane synthesis at the pressure used. 


The oxygen and steam were preheated to 500-600° C. be- 
fore being supplied to the generator. On the experimen- 
tal plant it was convenient to use part of the gas made 
for this purpose. 

The temperature of the gases leaving the top of the 
generator averaged 250-300° C, when using lignite contain- 
ing 20-25 per cent. of moisture. It is estimated that, with 
a fue! with 5 per cent. of moisture, the outlet temperature 
would have been 400-500° C. 

With the gas compressed, only a small condensation and 
purification po tee was required. Thus, the output of the 


ABLE C.—Results from the Lurgi Experimental Plant. 





i 2 3 























1. Fuel; Lignite,3-8mm.. . A. Fibrous B. Amorphous 
Moisture, percent by wt. ax°7 19°0 
Ash, 6°5 12°0 
C.V. gross, B. Th.U. per Ib 8,730 8,460 
2. Gasifying pressure, lb. per sq in. 298 296 
3. Purity of oxygen, per cent. by 
vol. 72°0 73°2 
. Throughput, ‘Ib. lignite, per sq. ft. 
generator cross-section per hr. 139 168 
Crude Purified | Crude | Purified 
Gas. Gas.* | Gas. Gas.” 
5. Gas composition, per cent by 
vol,— § 
et s 6 is 2 2b. ee 31°5 2°0 =s°s 2°0 
Pe 6 Se ee o°8 o'o 2°0 o'o 
ce!) a Xa o°6 o°8 1‘o 1°5 
tes heh este? a Pe ee he o'l o°2 o'r o°2 
CO a ee ee 13°9 20°2 | 15°9 23°6 
ts oo bee Ee Se Tt ais 37°° 53°8 31°4 46°7 
Se ee ae ees 13°8 20°0 15°4 23°0 
eS 2°3 3°0 3°! 30 
100°O 100°O 100°O 100°0O 
6. Calorific value of gas, B.Th.U. 
per cu.ft.} 302 442 320 477 
7. Gas yield, “cu. ft. per ton lignite, 
30 in. and 60° F. moist. . 153,200 33,800t | 43,400 |27,350T 
8. Tar yield, per cent. by wt. of 
lignite. . 4°62 7°37 
g. Benzene yield, per cent. ‘by wt. 
oflignite . . 1°27 2°02 
10. Efficiency of gas production, 
percent. . 93°2 90°9 
11. Steam consumption, Ib. per 100 
cu.ft. purified gas . . 6°46 6°17 
12. Consumption of pure oxygen, 
cu.ft. per 100 cu.ft. purified gas 14°5 16°I 


* Calculated from crude gas, allowing 2 per cent. residual carbon dioxide. 
t After subtracting the volume used to superheat the steam. 

| After removing benzene. 

§ Calculated for oxygen of 90 per cent. purity. 


experimental unit was conveyed through a 2 in. pipe to 
the condenser consisting of a water jacket enclosing 7 gas 
tubes in parallel, each 23 ft. long and 2°75 in. diameter. 
In the condenser, the gas was cooled to 80° C., correspond- 
ing to a dew point. of 20° C. after expansion to atmospheric 
pressure. It may be noted that when the gas at 20 atm. 
is cooled to 35° C., it has a dew point of —10° C. on 
eapenetanl to atmospheric pressure and requires no further 

rying. 

Reference has already been made to the ease of removing 
the carbon dioxide and the bulk of the hydrogen sulphide. 

Examples of the results obtained are given in Table C 


Discussion. 


Mr. T. F. E. Rueap: It is very fitting that Prof. Cobb 
should direct this work having regard to the very far- 
seeing Paper which he and Mr. Hodsman put forward in 
1920 on the possibilities of the gasification of coal in 
oxygen and to the very valuable set of Papers which have 
been forthcoming from the Research Fellowships for a long 
period of years, many of them connected with the same 
subject. It brings one up with a jolt to find that Con- 
tinental initiative could make us go back to work which 
we more or less started ourselves. 

The work is an investigation showing new details of 
high pressure and catalysis which have been brought to 
such a high state of perfection in synthetic work during 
the last decade. Even if there is nothing forthcoming 
from this work, I cannot help feeling that we shall have 
one of those lucky accidents which will lead to great pro- 
sress in our Industry. The present work may be looked 
ipon as producing a suitable synthesis gas for partial pro- 
luction of hydrocarbons and to do that it is necessary to 
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get the right proportion between (O and hydrogen. 
Unfortunately in this country we have no cheap source of 
hydrogen like gas oil. Consequently we are forced back to 
coal gs the main substance. In order to get the right 
proportion of CO and hydrogen we have to let part of the 
carbon unit with oxygen in water and release the hydrogen 
and that means a substantial thermal loss which is in- 
herent in the process. Fortunately, high pressure gives 
us an easy way of eliminating CO.. I believe they can get 
it down to 2 per cent. by simple solution in water. It 
would appear that probably some type of pre-treatment of 
our bituminous coals will be necessary before we can get 
them sufficiently reactive for rapid production of this type 
of synthesis gas. 


Cost of Oxygen. 


Dr. J. G. Kine (Fuel Research Station): The intro- 
duction of the use of oxygen and high-pressure technique 
into gas manufacture postulates radical changes. The 
adoption of any process based upon them will depend upon 
costs and upon the evolution of a process of sufficiently 
high thermal efficiency. The cost of oxygen may be the 
important factor, and although this is high at present, 
reductions can be visualized in the event of large industrial 
demands. At present the lowest figure which can be taken 
is that for the Linde-Frankl process of 6}d. per 1,000 cu.ft. 

We are concerned to-day mainly with the scientific 
aspects of the problem and though the investigation has 
little more than started, Prof. Cobb and Dr. Dent have 
already given us a great deal of valuable information re- 
lating to the first stage of the process. In the Fuel Re- 
search Division we have been concerning ourselves with 
this problem for some years. It has been realized that 
any process of this kind may have two objects: (a) total 
gasification, and (b) the production of a synthesis gas for 
the manufacture of liquid hydrocarbons. With regard to 
total gasification there are two ways of raising the calorific 
value of gas to the level necessary in the Gas Industry. 
There are (1) the use of oxygen under pressure and (2) 
the catalysis of a gas produced at atmospheric pressure 
either with or without oxygen. 

It is a little unfortunate in some ways that the problem 
of gasification with steam /oxygen mixtures has had to be 
separated in this research from that of methane synthesis 
under pressure. I agree that the separation is sound from 
the scientific viewpoint, but the Authors themselves admit 
that the steam /oxygen carbon reactions will not be identi- 
cal at 20 atmos. pressure and at atmospheric pressure. 
The two parts of the Lurgi process cannot, in fact, be 
completely isolated from one another. Since, however, 
they are operated at different levels of temperature and in 
different parts of the fuel bed I have no doubt that Dr. 
Dent will be able to disentangle the results of the two 
stages when he comes to his high-pressure experiments. It 
is this latter aspect of the work which will interest us 
most, since it is not at all certain that British coals or 
cokes have the fortunate properties which have made the 
Lurgi process so successful with brown coal. 


Introducing Gasifying Media. 


The technique and apparatus used by Dr. Dent in his 
experimental work seem to have been eminently satisfac- 
tory, and he is to be complimented upon having already 
obtained so many valuable results in such a short time. 
I would suggest to him that his apparatus seems capable 
of slight modification so that the gasifying media may be 
introduced at different heights in his fuel bed. It is possi- 
ble that this would have some advantage in securing more 
uniform distribution and in increasing the effective depth 
of the fuel bed. I suggest this since Dr. Dent’s tempera- 
ture curves show wide variation over very short distances. 

The results which have been obtained of the effect of the 
size of the coke are interesting. During experiments 
carried out at the Fuel Research Station we found that 
the use of coke of small size lowered the working tempera- 
ture of the fuel bed in a water gas generator, and we con- 
cluded that by working at a higher temperature we could 
greatly increase the output of the generator at the expense 
of a high CO content in the blow gas. In Dr. Dent’s case, 
where the use of oxygen eliminates blow gas, it has been 
shown, rather surprisingly that, although the average 
temperature of the fuel bed may be less, the highest tem- 
perature recorded increases with decrease of size. Only 
theoretical explanations are given for this and it would 
seem that further experimental work to explain the matter 
is indicated. 

Dr. Dent has made some calculations with-regard to the 
use of coal. Now it is obvious that this process must even- 
tually be adapted to treat coal rather than coke, one 
important advantage being, as Dr. Dent points out, the 
higher effective reactivity of certain coals. Calculations 
have been made of the results to be expected from coal, 
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but it would seem to be of the greatest importance that 
we should have experimental data relating to coal, even 
though this may introduce difficulties on a laboratory scale 
apparatus. We have been carrying out experiments at the 
Fuel Research Station upon the use of carbonaceous coals 
(16 per cent. volatile matter) in an ordinary water gas 
plant and have already achieved some success, producing 
160 therms of water gas of 320 B.Th.U. per cu.ft. per ton 
of coal. We have also treated coal in the form of pulver- 
ized fuel in a chamber of the type of the Vortex burner, 
and have produced from it a high-grade producer gas 
(CO, 3, CO 25, without steam). It now remains to extend 
these experiments to the use of oxygen and steam both at 
atmospheric pressure and under high pressure and to dis- 
cover whether the Vortex burner or some similar arrange- 
ment could form a total gasification plant. I regret that 
there are no experimental data which I can give you at 
present since the work has proceeded only to the stage 
where an experimental chamber has been built. It is felt, 
however, that it shows definite promise. 

Finally, I would like to suggest that it should be possi- 
ble for the Gas Industry to discover whether the total 
gasification of coal might not have a combined object (a) 
in the production of town gas of about 500 B.Th.U. 
calorific value, and (b) in the production of synthesis gas 
(CO + 2H.) in the manufacture of liquid hydrocarbons. 
It certainly does seem possible that a judicious combina- 
tion of the two processes would serve the purposes of the 
Industry better than total gasification alone. A further 
possible extension of (a)—viz., the production of com- 
pressed gas at 800 B.Th.U.—is also worthy of consideration 
for road transport. 

Dr. Paut Scuurtan: Of great importance, both for prac- 
tice and science, is the knowledge obtained that the 
maximum temperature in the fuel bed increases with falling 
reactivity of the coke and with increasing throughput in 
the generator. This apparently proves that the exothermic 
reaction of C with O proceeds considerably faster than the 
endothermic reaction between C and CO.. The maximum 
temperatures themselves are far lower than they result 
from calculation if we assume CO, to be the primary pro- 
duct of combustion; the difference can hardly be explained 
by losses due to radiation. 

According to L. Meyers* investigations on the mechan- 
ism of combustion of graphite, primary combustion occurs 
to 1 CO, + 1 CO, while between 1,200° and 1,600° a second 
reaction becomes more and more perceptible—i.e., com- 
bustion to 1 CO, + 2 CO. If the maximum temperatures 
are calculated according to these reactions, the agreement 
with the observed test values is satisfactory as shown by 
the diagram. Above 1,400° C. the second reaction ap- 
parently predominates. In the tests of gasification with 
10 + 95 N it must be conceded that the observed tem- 
peratures rise considerably above those calculated, without 
any apparent reason. 

Notwithstanding the considerable cost reduction for 
oxygen down to about 9d./1,000 cu.ft., which in recent 
years has been rendered possible by the development of 
new processes, the economical application of oxygen for 
gasification may be of interest for the time being, mainly 
for low-grade fuel. Coal may not be gasified by the water 
gas process. On the other hand, gasification of coal with 
oxygen makes it possible to employ a great deal of the 
sensible heat from the gaseous products for the coking, 
low-temperature carbonization, and drying of the coal, 
thus increasing considerably the performance of the gasi- 
fication process. Nevertheless, the remaining sensible 
heat will be, in most cases, sufficient for the superheating 
of the steam. Lastly, with gasification of coal a gas of a 
considerably higher heating value is obtained, which might 
be utilized in place of water gas in gas-works. As to the 
costs of coal gasification, we can estimate even at present 
that it will be cheaper than the production of water gas in 
the usual way. 

The gasification of brown coal by oxygen is already 
largely practised in Germany, though the gasification of 
this product may still present some unrecognized prob- 
lems. It seems doubtful whether the dry distillation pre- 
ceding the gasification will take place in the same way as 
in horizontal retorts. Indeed, heating-up is performed in 
quite a different manner, favouring low-temperature 
carbonization and the formation of a much more reactive 
coke, the quantity of which might be much smaller than 
in the case of high-temperature carbonization. Further, 
we are so far unable to foresee the possible extent of crack- 
ing of tar and petrol, which must influence very much the 
heating value of the produced gas. With the Lurgi process 
it seems that petrol remains intact, while the greater part 
of the tar is cracked. Of course, the oxygen consumption 
will suffer considerable reduction if many volatile products 
are formed by low-temperature carbonization; hence re- 


*Z. Phys. Ch., Abt. B 17, 385 (1932). 
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sults the low oxygen consumption for the Lurgi process 
because in this case the charge of brown coal leayis a 
residue of only about 35 per cent. of coke for gasification, 

It is clear to me that laboratory investigations of oa] 
gasification with oxygen will meet with considerable «| iff\- 
culties; nevertheless, experimental data in this respect 
would be exceedingly desirable. Test No. 16 indicates that 
gasification with oxygen appears to be specially suii:ble 
for producing a gas having a hydrogen-carbon monoxide 
ratio of 2: 1 as required for the synthesis of methano! or 
of petrol by the Fischer process. 


Fewer and Larger Units. 


Mr. H. J. Hopsman: Abvut 1918 the problem of increas- 
ing the yield of gas by steaming the charge attracted mich 
attention. But the interest created was not very endur- 
ing. Mr. Finlayson made a valuable study of the 
supply of industrial oxygen but arrived at conclusions 
which were not encouraging and were actually unneces- 
sarily pessimistic. Clearly there was no immediate promise 
that oxygen would be available at a low enough price, 
and the proportion of CO in the gas produced from coal 
would have been uncomfortably high. It had been known 
since the time of Sabatier that hydrocarbons could be pre- 
pared from carbon monoxide, but industrial efforts—e.g., 
the Cedford process—had proved abortive. So far as this 
country is concerned, active interest apparently ceased. 

In the meantime technique in conducting reactions at 
high-pressure progressed so far as to open the possibility 
of producing hydrocarbons from carbon monoxide—as 
exemplified by the Lurgi process. It is pleasing to note 
that the Paper of 1920 has at last achieved its object and 
that the problem has now been taken up by the Institute. 

If the result of the study is successful, the consequences 
will be revolutionary and revolutions are not always wel- 
comed. I suggest that the long view is here desirable. A 
process, such as the one envisaged, if feasible, cannot be 
stayed indefinitely. The chemical industry, having suc- 
cessfully turned solid into liquid fuel, will not stop if 
there seems to be any advantage to be gained by going 
further, by producing gaseous fuel. It would therefore be 
better for the Gas Industry itself to determine its future 
technique. 

The complete gasification of coal would mean the con- 
centration of production into fewer and larger units. It 
would be difficult to resist this because it would be hard 
to assert the advantages of gaseous fuel and to contend 
that these advantages do not disclose themselves until the 
gas reaches the service pipe. f the process envisaged 
means the distribution of the energy of coal as a sulphur- 
free coal gas, then the Industry should not rest until the 
feasibility is either proved or conclusively disproved. 

Control of the temperature of the fuel bed is one of the 
main problems facing the process, and occupies a large 
part of the report. Dr. Dent has found that the tempera- 
tures measured were lower than anticipated, if one accepts 
Haslam’s view that the reaction of carbon with oxygen is 
complete before the steam begins to react with oxygen. 
He makes the suggestion that this is not strictly true at 
the high temperatures in question, and I agree that this 
suggestion is plausible. 

When crude coal gas containing both H.S and oxygen 
(say 1 per cent.) is passed through a bed of oxide of iron, 
the H.S is completely removed—e.g., in the oxide purifier. 
This is true, not only at air temperature, but at higher 
temperatures also. If, however, the experiment is made 
at about 300° at which the reactivity of hydrogen towards 
oxygen begins to be appreciable, the reactions are not so 
clear cut. The mass effect of the large proportion of hydro- 
gen—say, 50 per cent.—is such that it can now compete 
for the limited quantity of oxygen available and so effec- 
tively that at 350° the hydrogen will take up all the 
oxygen, leaving the H.S untouched. 

It seems quite reasonable to suppose that something 
analogous occurs in the reaction of carbon with mixtures 
of oxygen and steam. At, say, 800° the carbon will take 
up oxygen completely before reacting with steam. At 
temperatures several hundred degrees higher the prefer- 
ence may not be so clear cut. After the oxygen has been 
reduced to small proportions it is possible that the mass 
action of a large concentration of steam may enable it to 
compete for the available carbon surface, and if this 
happens hinder the rise of temperature. Catalysts such as 
soda, which accelerate the reaction of steam with carbon, 
would assist in restraining local rise of temperature and 
spreading the development of heat over the fuel bed. 


German Experience. 


Mr. J. E. Davis (South Metropolitan): I had the privi- 
lege of accompanying Mr. Dent and the Technical As- 
sistant Secretary of the Institution on their visit last 
autumn to the Lurgi works at Frankfort and the Linde 
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works it Munich. Mr. Evans, who planned the visit, 


pointe’ out that the obiect of it was that some of us were 


going 10 be connected with the work and therefore we 
should try and get ideas by seeing what had been done by 
others who had tackled the problem. Those people were 


yery good to us. They showed us a great deal of their 
experimental work and they told us more. They showed 
us that lignite could be gasified in steam and oxygen and 
they shook their heads rather dolefully over our prospects 
with bituminous coal. They were overcoming some of the 
difficulties they put before us and we were impressed with 
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the fact that in their works some of the worst difficulties 
they had anticipated did not materialize. In the Lurgi 
process trouble was anticipated with leaks due to the high 
pressures and it was also felt that if any particular coal 
was gasified in oxygen, excessively high temperatures 
would be recorded. I think the 39th Report shows that it 
is possible to work with quite reasonable temperatures. 
Some of us have been working with pulverized coal in a 
stream of oxygen and that sounded dangerous to begin 
with, but again I say that is not proving anything like so 
impracticable as we thought it was going to. 
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AMMONIA. 


(a) The Value of Ammonium Bicarbonate as a Fertilizer. 


In the manufacture of sulphate of ammonia from gas 
works crude liquor one of the largest items of expenditure, 
particularly if the progess is carried out on a small scale, 
is the necessary sulphuric acid. Recovery of ammonia 
would be very much cheapened if the use of sulphuric acid 
could be avoided without at the same time increasing costs 
in other directions. The most promising form of recovery 
which it appeared might conform with these requirements 
was as ammonium bicarbonate, NH,HCO,, and patents for 
the manufacture of this salt from gas liquor have been 
taken out on behalf of The Institution of Gas Engineers. 

It seemed certain that the only market for a large 
amount of ammonia recovered in this form would be as a 
fertilizer, and it was consequently essential that informa- 
tion on the value of ammonium bicarbonate as an artificial 
manure should be obtained. Viewed theoretically the 
position appeared to be as follows. 

The amount of nitrogen in ammonium bicarbonate is 
16 per cent. less than in an equal weight of ammonium 
sulphate; hence 1:2 tons of the former must be used to 
provide as much nitrogen as 1 ton of the latter. This is 
an initial, but not serious, disadvantage to bicarbonate 
since it involves somewhat increased carriage charges and 
costs of application to the soil. 

When an ammonium salt is added to an arable soil the 
ammonium ion exchanges with the exchangeable bases in 
the soil and remains in intimate’ association with the soil 
until it is converted into nitrate by the soil micro- 
organisms. This process normally takes place in a few 
days or weeks. If ammonium bicarbonate and ammonium 
sulphate are equally distributed throughout the soil any 
difference between the two, after nitrification has occurred, 
must be due to the anion of the ammonium salt. In the 
case of sulphate this will normally be carried away in the 
drainage water as calcium sulphate, removing from the 
soil an equivalent amount of the lime, which is the most 
active agent preventing acidity. Carbon dioxide from the 
bicarbonate may escape as gas. Ammonium bicarbonate 
must therefore have a lower acidifying effect on the soil 
than ammonium sulphate and, although it is likely to be 
of little importance in a single season, the effect will be 
cumulative. One can calculate that by replacing 1 ton 
of sulphate by 1°2 tons of bicarbonate 0°42 ton less lime 
(CaO) will be required at some future date. This is a 
point in favour of ammonium bicarbonate. 

Before absorption of the ammonia into the soil it is 
possible that some may be lost from bicarbonate to the 
atmosphere, and it may also have some toxic effect on 
seeds or plants. Any such effects, however, cannot be 
<< from a general knowledge of the properties of the 
salt. 

Existing data on the use of bicarbonate as a fertilizer 
showed that it had considerable fertilizing power and indi- 
cated that it was preferable that the salt should be buried 
beneath the soil rather than spread on the surface, but 
they failed to show conclusively whether or not it was as 
efficient as sulphate. It was considered essential that these 


experiments should be supplemented and a large number 
of fertilizer trials have been carried out on behalf of the 
Committee at the Experimental Farm of the University of 
Leeds and at Rothamsted Experimental Station. 

The Rothamsted Experiments were carried out in 
1933 and the results may have been influenced by the 
abnormally dry season. They confirmed the fertilizing 
effect of ammonium bicarbonate, since it gave an 
increased yield in 10 cases out of 11 where sulphate was 
effective. In 3 cases out of 15 bicarbonate was signi- 
ficantly inferior to sulphate; two of these were with pota- 
toes and one on grassland and in all three there was ample 
opportunity for loss of ammonia from the bicarbonate to 
the atmosphere. There was also indication that bi- 
carbonate was more favourable in the absence of super- 
phosphate than in its presence. There was no evidence of 
any toxic effect of the bicarbonate, except with grassland, 
where initial scorching of the grass occurred. In most 
cases the bicarbonate was applied to the surface of the soil 
where any volatilization of ammonia would be greatest, 
and the procedure adopted generally was one suitable for 
sulphate and not necessarily the most favourable to 
bicarbonate. In spite of this the arithmetical average 
increase due to bicarbonate was 83 per cent. of that due 
to sulphate. Such an average is, however, of doubtful 
accuracy. The general conclusion was that bicarbonate 1s 
an effective fertilizer, but that under certain conditions it 
may be inferior to sulphate. This inferiority could pre- 
sumably be eliminated by suitable choice of method of 
applying the fertilizer. 

Only three of the experiments carried out at Leeds 
University were direct comparisons between _bicar- 
bonate and sulphate. In two of these bicarbonate 
proved equal to sulphate, but it was distinctly inferior in 
the third. The other experiments were designed to detect 
any toxic effect which bicarbonate might have on seeds or 
plants. To this end abnormally large rates of application 
were employed and the salt was applied to the soil a fort- 
night before sowing, a week before sowing, at sowing and 
after germination had occurred. No adverse effect was 
visible except with the top dressing which scorched the 
leaves to some extent but did not greatly reduce the yield. 
A similar experiment in which applications at different 
rates were all made at sowing gave no indication of any 
toxic effect except with an application of 1 ton per acre, 
which is about 10 times the normal, where germination 
was slightly reduced. 

The chief point on which information was still lacking 
was the amount of ammonia lost from ammonium bi- 
carbonate when spread on soil. It was known that in the 
dry state the salt is fairly stable and can be obtained in a 
condition when it does not smell even slightly of ammonia, 
On the land, however, it must become moist, when con- 
siderable losses may occur. A method is described whereby 
the ammonia lost from the soil in a given interval has 
been determined. Trays of standard size were filled with 
soil of known properties, and ammonium bicarbonate or 
other nitrogenous fertilizer applied in a specific manner. 
The trays were then exposed to the weather, which was 
observed, for varying periods of time, after which the 
ammonia remaining was determined using an extraction 
method. 

Very considerable losses of ammonia were found to oc- 
cur when ammonium bicarbonate was applied to the 
surface of the soil. It appears that solution of the bi- 
carbonate in the moisture of the soil is an _ essential 
preliminary both tc absorption into the soil and to rapid 
loss of ammonia by volatilization. As a result, both pro- 
cesses proceed more rapidly with a wet soil than with a 
dry one. In the former case loss of ammonia is rapid at 
first but falls quickly as the salt is absorbed into the soil, 
which may only take a day, but with a dry soil, although 
the initial loss is very small, the total loss before absorp- 
tion is complete may exceed that from the wet soil. W:th 
a normally moist soil the processes are complete in not 
more than two days. During this time, if the soil is 
slightly alkaline, the amount of ammonia lost is on the 
average about 50 per cent. of the total. With a slightly 
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acid soil, but one which will grow any crop satisfactorily, 
the loss is reduced by about one-third. Other factors 
which affect the loss are rain, wind, temperature and rate 
of application. The effect of each of these has been 
studied. 

All are of secondary importance compared with the 
amount of loss which must, apparently, occur in any case 
if the salt is spread over the surface of the soil. Gener- 
ally speaking not more than 50-60 per cent. of the am- 
monia is then retained by the soil, and one would there- 
fore expect that the effectiveness of bicarbonate would not 
normally be more than 50-60 per cent. that of sulphate. 
It is of interest, therefore, to recall that the actual 
trials, in particular the Rothamsted experiments, have all 
given values considerably in excess of this figure, although 
in most of them the fertilizer was applied to the surface. 
Whether bicarbonate has a specific beneficial effect which 
partly offsets its loss of ammonia is not known. 

When ammonium bicarbonate is buried beneath a 
shallow layer of soil, say, greater than half an inch in 
depth, loss of ammonia was shown to be negligible in all 
circumstances, indicating that if the salt is applied under 
these conditions the planis should be able to use ammonia 
from bicarbonate as efficiently as from sulphate. 

The simplest way of applying ammonium bicarbonate in 
such a manner that it is immediately covered with a layer 
of soil appears to be to apply it in the same operation as 
planting the seeds, either sowing both seed and fertilizer 
in the same drill or applying the fertilizer in drills at each 
side of the seed drills. Machines for accomplishing this in 
one operation are on the market in America but are not 
yet used to any extent in this country. If the salt is 
applied in contact with the seed any toxic effect of the 
ammonia will be at its greatest and further study of this 
appeared necessary. A large number of. small-scale trials 
were carried out in which bicarbonate, and also sulphate, 
concentrated liquor and crude liquor were applied in 
various ways to the seed bed. Im each case the number 
of seeds germinating and the average weights of the plants 
at an early stage of their growth were determined, the 
accuracy of the results being assessed by a standard statis- 
tical method. 

When bicarbonate was applied in contact with the seed 
some retardation, and in some cases actual prevention, of 
germination took place, the amount depending on crop 
and soil conditions. A similar effect was also shown by 
sulphate and the bicarbonate effect was sometimes greater 
and sometimes less than that due to sulphate. No doubt 
in the later stages of growth this retardation would be 
masked by the fertilizing effect. When the salt was ap- 
plied below the level of the soil but out of contact with 
the seed germination was unaffected, yet the fertilizer was 
shown to be immediately available for the plant when 
growth began. Such a method of application should there- 
fore be very satisfactory, since ammonia loss is avoided, 
effect on the seed is prevented and the fertilizer is avail- 
able when required. Having regard to the results of ex- 
periments at Rothamsted and elsewhere, where bicarbonate 
was not applied in this suitable manner, there is strong 
reason to believe that when so applied it would give results 
at least equal to those given by sulphate. 

When applied to the surface of the soil ammonium bi- 
carbonate caused no damage to seeds and very little to 
growing plants, yet, on grass, the yield was not so good 
as with sulphate due to the loss of part of the ammonia. 
It would not therefore be economical to use bicarbonate 
as a top dressing unless its cost could be reduced to, say. 
half that of sulphate. 


(b) The Value of Concentrated Liquor as a Fertilizer. 


So far as is known no large-scale trials have been made 
on the direct use of concentrated liquor as a fertilizer, yet 
it appears that in certain circumstances it might possess 
advantages over both sulphate and bicarbonate. The 
most obvious of these is the extreme cheapness with which, 
using modern plant, it can be prepared. A second is the 
fact that it can be manufactured on a small scale almost 
as cheaply as at a large works and therefore centralization 
of production is not necessary. This would reduce trans- 
port costs in the case of Gas Works situated in or near 
agricultural areas. Also it has the same advantage as 
bicarbonate over sulphate in that it does not remove lime 
from soil as calcium sulphate. 

Concentrated liquor has also obvious disadvantages. It 
is an objectionable liquid to handle except in specially 
designed apparatus and no doubt its smell would cause an 
initial prejudice against it. Also the provision of adequate 
storage capacity might be expensive. It is also of variable 
composition and on the average its ammonia content is not 
more than two-thirds that of an equal weight of sulphate. 
It appears, however, that these drawbacks could be over- 
come if the advantages, particularly that of cost, were 
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sufficiently great. Its possible disadvantages on th« land 
are the same as with bicarbonate—namely, loss of am. 
monia and a possible toxic effect. These have therefore 
been investigated. 

Determinations on the loss of ammonia from concen. 
trated liquor when applied to soil are recorded.  ¢ nder 
most conditions the loss when the liquor was applied 
undiluted was approximately the same as from | )icar- 
bonate, but it was considerably less when diluted to vive 
a solution containing 2°5 per cent. ammonia. On the 
average 50-60 per cent. of the ammonia of the un- 
diluted application to the surface of the soil was 
retained, the corresponding figure for the diluted applica- 
tion being about 70 per cent. With one exception, varia- 
tion in soil and weather conditions influenced the volatility 
in a way similar to that experienced with bicarbonate, 
When the soil was very dry, however, loss from bicarbonate 
was slow and continuous; loss from concentrated liquor 
was rapid but fell quickly, the final loss being lower than 
with bicarbonate. As with bicarbonate burying under a 
shallow layer of soil prevented appreciable loss. 

Investigation into the toxic effect of concentrated liquor 
is reported. As a top dressing on growing plants con- 
centrated liquor was useless except with grass, since 
the plants were severely scorched and in some cases 
killed. With grass also a severe scorching occurred, but 
subseqvent recovery was rapid and a fertilizing effect was 
soon manifest. There was also a considerable reduction 
in the number of weeds and the growth of grass became 
remarkably uniform. When the liquor was applied in con- 
tact with the seed a toxit effect was also noticeable, but 
out of 6 such experiments concentrated liquor produced 
more or better plants than sulphate on 4 occasions and 
was inferior on only one. No doubt this general 
superiority of concentrated liquor over the solid fertilizers 
was due to the fact that it was a liquid and could diffuse 
throughout the soil more rapidly, leaving a smaller con- 
centration in actual contact with the seed. As with bi- 
carbonate, application beneath the soil but out of contact 
with the seed prevented toxic effect and provided nitrogen 
in a readily accessible form. In such circumstances there 
is strong reason to believe that equality of performance 
with sulphate would be obtained. 





(c) The Value of Crude Ammoniacal Liquor as a Fertilizer. 


Gas Works ammoniacal liquor contains on the average 
about 1°5-2 per cent, total nitrogen, or approximately one- 
tenth to one-fifteenth the amount present in sulphate of 
ammonia. With the price of sulphate at £7 per ton the 
value of ammoniacal liquor should be 9s. to 14s. per ton, 
calculating on the nitrogen content. In each case this is 
the value delivered at the farmer’s nearest station. The 
actual worth to the farmer, however, depends on the cost 
of carting the liquor from the station to the farm and of 
distributing on the land, compared with the corresponding 
costs for sulphate, also on the relative efficiency of the 
nitrogen in the two products and on whether the other 
constituents of the liquor have any detrimental effect on 
soil or plants. 

It is obvious that where any considerable distance exists 
between the gas works and the farm, it would be unprofit- 
able to use crude liquor, owing to transport costs. The 
procedure would therefore only be economical in the case 
of small Gas Works situated in the country. Such Under- 
takings often find it uneconomical to recover the ammonia 
either as sulphate or as concentrated liquor and now there- 
fore waste the ammonia they produce. It seemed worth 
while considering on their behalf the properties of crude 
liquor as fertilizer. 

Many large-scale trials of the effect of crude liquor on 
crops have been made, mainly on the Continent. They 
have established clearly the fertilizing action of the 
liquor and also showed that little harm was likely to 
be done to plants by it provided it was not allowed to 
come into contact with the leaves. Experiments have 
shown that the amount of ammonia lost from the liquor 
when applied to the surface of the soil was considerably 
less than from concentrated liquor, this being due entirely 
to the fact that part of the ammonia in crude liquor is 
present as non-volatile salts. Generally 20-25 per cent. of 
the ammonia was lost, a proportion which in many cases 
would not be serious. Covering the liquor with a shallow 
layer of soil entirely prevented loss. 

Tests at Leeds University showed that crude liquor was 
a satisfactory fertilizer for meadow hay, giving a greatly 
increased yield with a reduction in the number of weeds. 
This was confirmed in a further experiment, where a pro- 
nounced fertilizing effect was shown in spite of severe initial 
scorching. As a top dressing for other crops, however, 
crude liquor was a failure, the plants being usually killed 
even if the liquor was applied during heavy rain. Also when 
applied in contact with the seed it caused a toxic effect 
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very much greater than did either bicarbonate, sulphate 
‘ ntrated liquor. This was found to be due to ils 
ff thiocyanate, which is a well-known plant poison. 
however, oxidized (probably to ammonium sul- 
un the soil during the course of one or two weeks, 
the toxic effect may be avoided by applying the 
liquor | | fortnight before sowing the seed. It can also be 
ins ‘d by cultivating the ground between applying 
liquor and sowing or by applying the liquor beneath the 
soil but out of contact with the seed. 

The precautions to be observed in the use of crude liquor 
on the land appear to be (1) to prevent contact of liquor 
with living plants, except grass, and (2) to prevent contact 
of liquor with seeds until there has been opportunity for 
absorption of ammonia into the soil and oxidation of 
thiocy anate. Given these conditions, whether the liquor 
is buried in the soil or applied on the surface, the final 
results should not be greatly inferior to those given by an 
equivalent amount of sulphate. 
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EFFLUENTS. 


(a) The Effect of Gas Works Liquors on the Biochemical 
Oxygen Demand of Sewage at Various Stages of 
Purification, 


result of observa- 
large-scale test on the treat- 
ment of sewage-liquor mixtures on bacteria beds at 
Leamington and reported in the 5th Report of the 
Liquor Effluents and Ammonia Committee. A study has 
been made of the rate of biochemical utilization of oxygen 
by purified sewage and sewage-gas liquor mixtures. The 
action has been followed for periods up to 12 days at 18° C. 
and the influence of temperature has also been investigated. 
The importance of this investigation lies in the fact that 
the Biochemical Oxygen Demand (B.O.D.) test is the most 
significant single test applied to sewage effluents, 
measuring as it does the rate at which a stream will be 
denuded of its oxygen by oxidizable matter in the effluent. 

It was found that the difference between the B.O.D.’s of 
purified sewage and purified sewage-liquor mixtures was not 
governed by the same causes as differences in the perman- 
ganate oxygen absorption, but by differences in the am- 


The work was carried out as a 
tions made during the 


monia content, oxygen being utilized in_ converting 
this to nitrite and later to nitrate. Until oxidation 
of ammonia began, differences in the B.O.D.’s of the 


effluents were small. Subsequent differences depended on 
the relation between the ammonia contents of the effluents. 
but did not usually become great until the ammonia in one 
of them had been completely converted to nitrate, when, 
of course, utilization of oxygen for the reaction ceased. 
The time at which production of nitrite and nitrate began 
to occur varied with the degree to which the effluents had 
been treated. With an effluent which was highly purified 
and in which most of the ammonia had already been con- 
verted to nitrate further oxidation of the residual am- 
monia began after about three or four days. With an 
effluent which had only been partially treated and which 
contained oxidizable carbonaceous material no nitrite or 
nitrate appeared for twelve or more days. 

Experiments indicated that in general the effect of gas 
liquor on the rate of oxygen utilization of treated sewage 
might be expected to conform with one or other of the 
following cases. The only essential difference between spent 
liquor and crude liquor lies in the higher ammonia content 
of the latter. 

(a) If the effluent from sewage alone already contains 
ammonia (say, 0°5 pt./100,000) then liquor will have no 
appreciable effect on the biochemical utilization of oxygen 
until long after the usual period of test (5 days). This case 
will occur when the amount of treatment given to the 
sewage does not result in complete nitrification even when 
gas liquor is absent. 

(b) In cases where a fully nitrated effluent is obtained 
from sewage alone it may happen that some ammonia will 
remain in the effluent when liquor is present in the sewage. 
In this case the oxygen demand of the two effluents will be 
about the same for 3 to 4 days at 18° C., but afterwards that 
of the effluent containing liquor will become progressively 
greater than that of the effluent not containing liquor. 
After 5 days the difference will not be great. 

(c) The capacity of the sewage works may be so great, 
or the dose of liquor or its ammonia content so small, that 
fully nitrated effluents are produced in each case. In such 
a case the oxygen demand of the effluents will be the same 
at all stages. 

These cases refer more specifically to bacteria bed treat- 
ment of the sewage. The activated sludge method of treat- 
ment, however, as normally operated in this country, would 
ecnerally produce an effluent similar to case (a). 





443 


(b) Purification by Chemical Methods of Sewage Containing 
Gas Wo 

The treatment of sewage by chemical means is generally 
understood to mean the addition to sewage of substances 
the action of which is to precipitate most or all of the sus- 
pended matter, whicn 1s then separated, leaving a much 
improved liquid. in the early aays of sewage treatment 
chemical methods were tried out in many places, but they 
generally gave place to the biological methods which are 
almost exclusively used in this country to-day, although 
occasionally chemicals are used as an adjunct to these. 
Recently, nowever, there has been a great revival of in- 
terest in the method, particularly in America, and many 
advantages are claimed for it. Normally, however, the 
amount of purification possible by these means is much 
smaller than is usually required in this country, so that the 
field of application ot these processes for complete treat- 
ment of sewage is limited. It may well be, however, that 
some towns, for instance, which now discharge sewage to 
the sea without treatment and which experience some nuis- 
ances in consequence, may welcome a process which will 
deposit suspended matter cheaply and efficiently. Other 
towns, too, may adopt chemical treatment as a preliminary 
to biological treatment in order to avoid extending the 
latter. 

Work was carried out to determine the effect of 
the presence of gas liquors on the action of the pre- 
cipitants and the properties of the resulting liquid. The 
precipitants employed were for the most part lime, 
ferric chloride, and mixtures of these. It was shown that 
no important constituent of gas liquors except sulphide is 
removed from sewage by these substances; sulphide is 
partially precipitated if ferric chloride is used. On the 
other hand, constituents of gas liquor do not interfere with 
the precipitating action of the chemicals. In many cases, 
however, intense discolorations are formed which, if dis- 
charged to a stream, would be objected to by the public, 
although legally innocuous discoloration is not pollution. 
Lime added to sewage-spent liquor mixtures gave a yellow- 
red colour which varied with the amount of lime and be- 

‘ame more intense during the settling period. Ferric chlor- 
ide in similar mixtures gave solutions which absorbed light 
generally and which appeared quite black in depths of about 
six inches. Mixtures treated with both lime and ferric 
chloride produced a very deep reddish yellow colour, but 
when alum was used po colour production occurred. With 
sewage-crude liquor mixtures lime produced no colour, the 
reason being that colours produced by lime are oxidation 
products of higher tar acids and with crude liquor the 
available oxygen is used in oxidizing sulphide. Crude liquor 
mixtures and ferric chloride produced a black colour due 
to formation of colloidal ferrous sulphide and to a compound 
of iron and catechol. If lime also was present the colour 
became very dark red. When these coloured liquids were 
further treated on bacteria beds the colour to a large extent 
persisted throughout the oxidation process, producing 
effluents which could not be discharged to a stream without 
comment. 

The B.O.D. due to gas liquors appeared to be somewhat 
reduced by chemical treatment, which is difficult to 
understand, since the liquor constituents are not removed 
from solution and it has been shown that they are as readily 
oxidized biochemically after chemical treatment as before. 
Long period tests on dissolved oxygen utilization showed 
that chemical treatment tended to delay nitrification, and 
this was particularly noticeable with crude liquor mixtures 
treated with ferric chloride. 

When a chemically treated sewage was further purified on 
bacteria beds the product at all stages of purification was 
superior to that given by an untreated sewage similarly 
purified. It had a lower permanganate oxygen absorption, 
lower biochemical oxygen demand, and nitration started 
sooner and was completed earlier. When the sewage con- 
tained Gas Works liquor, however, little of this improve- 
ment was shown. 

It can be concluded that, due partly to colour production 
and partly to increased resistance to treatment on bacteria 
beds, chemical treatment is not as successful with sewage- 

gas liquor mixtures as with sewage alone. It also follows 
that gas liquors will not be as easily tre sated in admixture 
with sewage if chemical treatment is employed as they are 
when purely biological methods are relied on. 


rks Liquors. 


(c) The Effect of Chlorine on Sewage in the Presence of 
Gas Works Liquors. 


During the past few years it has been found that small 
doses of chlorine can be added to sewage at various stages 
of treatment with beneficial results. The most common 
reason for its application is to prevent crude sewage be- 
coming ‘ septic ’’ or developing foul odours. 

It has been found that the amount of chlorine required 
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to effect complete sterilization is very greatly increased by 
the presence in sewage of Gas Works liquors. The reason 
lies in the great ‘‘ Chlorine Demand ”’ of gas works liquors, 
due to the readiness with which. sulphide, phenols, &c., 
react with it. The chlorine demand of a gas works liquor 
is of the same order as its oxygen absorption from perman- 
ganate, whereas that of sewage may only be about one- 
tenth as great, and it appears that this demand must be 
satisfied before chlorine is available for sterilization under 
wrobic conditions. Under anzrobic conditions, however, 
under which septicity of the sewage develops, the chlorine 
requirements of spent liquor do not seem to be of great im- 
portance and may justifiably be left out of account when 
calculating the amount of chlorine necessary for odour pre- 
vention. In the presence of crude liquor more chlorine is 
required to prevent septicity, but not so much more as its 
chlorine demand would suggest. Also it must be remem- 
bered that crude liquor is itself a weak antiseptic under 
anzrobie conditions (but not under erobic conditions), and 
the need for chlorination would not so easily arise in the 
case of sewage containing crude liquor. 


The 6th Report was introduced by Mr. C. F. Botley 
(Chairman of the Committee) and Dr. A. Key, who were 
followed by Prof. Cobb, who also spoke generally on the 
Report. 


Discussion. 


Mr. A. L. Hotron (Manchester): A large part of the 
Report deals with the value of ammonium bicarbonate as 
a fertilizer, and also with crude liquor and concentrated 
liquor. While it seems that under certain conditions that 
each can be used, there appear to be very serious limita- 
tions, and I would ask whether the widespread change to 
these alternatives from sulphate of ammonia is in the 
least likely at the present. I think I am correct in saying 
that the value of each of these has been experimented 
with under English conditions, whereas a very large 
proportion of sulphate of ammonia is sold for export pur- 
poses. Would the climatic conditions of the countries to 
which sulphate of ammonia is now sent be such as to 
warrant the arrival at some conclusions? The cost of 
production of ammonium bicarbonate on a large scale is 
still uncertain, and hence even if the value of the salt as a 
fertilizer be accepted, it remains uncertain whether it 
could compete with sulphate of ammonia economically. I 
should be glad if Dr. Key would give us some idea at this 
stage as to the cost of such production of ammonium. 
While the cost of production of raw liquor and concentrated 
liquor might, under these circumstances, be low, there are 
other expenses incidental to their use as fertilizers, such 
as storage, carriage, application, &c., which prejudice their 
use even if they were equal to sulphate of ammonia in 
other respects, which they do not appear to be. 

The work on the disposal of effluents has been con- 
tinued, but no striking advance seems to have been made. 
Many of us in the Industry thought we had nearly got to 
the end of our troubles, due to the Effluent Committee’s 
work, and that we could dispose of our effluent tothe sewers 
with every certainty that we had heard the last of it, 
provided that we distributed it into the sewers in regular 
quantities, but now Dr. Key seems to have given us all a 
nightmare by suggesting that in the days to come the 
chemical treatment of sewage will raise very serious ques- 
tions. The possible widespread effect of chemical treat- 
ment by precipitants or chlorine has already been studied, 
and it seems that while the use of precipitants might not 
be prejudiced by the presence of gas-works liquor, except 
perhaps for the deep colouration which might be produced, 
chlorine treatment does appear to be adversely affected to 
a certain extent. The general adoption of the chlorine 
treatment processes might greatly accentuate the problem 
for gas-works liquor and effluent disposal. I should like 
to mention that during the last year we have installed at 
our Partington works a dephenolating plant for the treat- 
ment of our gas-works liquor and very satisfactory re- 
sults have been obtained. In place of an expenditure of 
£3,000 a year we are getting a credit balance of £200 after 
charging the process with capital and sinking fund charges. 
This year we have further added to the process at 
Partington by putting in the very early stages, very close 
up to the retort house, a de-tarring plant. That has done 
two things. First of all, we were troubled with the 
effluent which goes into the Manchester Ship Canal. While 
the reduction in the oxygen figure was all that we claimed 
—in fact, we have 90 per cent. purification, which is 15 per 
cent. more than I bargained for to the Mersey and Irwell 
Board—we were troubled with a certain amount of rather 
deep blue colouration. Since the de-tarring plant has 
been put in, however, that has very definitely been mini- 
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mized and at the entrance to the Ship Canal there ‘5 not 
the slightest trace now of the blue colouration. That jg 
one more of the advantages that has accrued from what 
we have done. I am quite aware that at prese:: de. 
tarring plants are only available to those of us whe haye 
large installations to control. I think very definitely that 
with general research that is now being undertake, the 
day is not very far distant when even the smallest york 
will be able to avail themselves of such plants anc wijl 
have a very definite improvement in their effluent liquor, 


Systematic Investigation. 


Dr. A. Parker (Water Pollution Research Board o! the 
Department of Scientific and Industrial Research): The 
systematic investigation of the problems of the disposal of 
liquor effluents from gas-works has now been carried out 
by the Institution over a period of some years. This work 
has definitely shown that at many gas-works the volume 
and polluting character of the condensed ammonia liquor 
and of the waste liquor can be appreciably reduced by 
modifications in the arrangement and method of operation 
of the plant for cooling and scrubbing the crude gas. The 
practicability of recovering phenol from gas liquor has 
been demonstrated in this country by Mr. Holton in Man- 
chester. The work of the Institution has also shown that 
under certain conditions gas liquor effluents can be ad- 
mitted to sewers without causing any great difficulties at 
the sewage disposal works. It should be pointed out, 
however, that the final effluent from the purification of 
sewage containing gas liquor is not usually quite so good 
as from the same sewage without gas liquor. 

Many local authorities now appreciate the position and 
grant facilities for the controlled discharge of effluent into 
sewers. This attitude has to some extent been encouraged 
by the Joint Advisory Committee on River Pollution, who 
recommended that the law should be amended so as to 
confer on traders a right to discharge trade effluents inio 
the public sewers, subject to compliance with regulations 
and conditions to be made as to payment and other 
matters. With the object of giving effect to this recom- 
mendation, Lord Gainford in May last introduced into the 
House of Lords the Public Health (Drainage of Trade 
Premises) Bill. The Bill was read for the first time in the 
House of Commons, but further consideration was ad- 
journed, 

Conditions of discharge into sewers will presumably take 
into account the volume and polluting character of the 
effluent. It would seem advisable, therefore, to give 
further attention to methods of reducing the quantity and 
polluting character of the gas liquor effluents to be dis- 
charged and thus to move nearer to the ideal of avoiding 
the production of any polluting effluent. Processes for the 
recovery of phenols from the liquors are at least worth 
careful watching as the market for phenols for the manu- 
facture of synthetic resins is growing. It may be of 
interest to mention that work at the Chemical Research 
Laboratory at Teddington for the Water Pollution Re- 
search Board has shown that resins with water softening 
properties can be made from many polyhydric phenols. 

A stage now seems to have been reached at which a re- 
port or brochure summarizing the present position and 
the results of the Institution’s work on effluents might be 
prepared. Such a brochure might serve not only as a 
guide to engineers in selecting the best practicable methods 
for particular circumstances, but also as a useful new 
starting point for further investigations. 


Revenue from Ammonia. 


Mr. P. Parrisu: I think it was five years ago that I 
made it clear to a Meeting of this kind that the units of 
carbonization throughout the country were unnecessarily 
small and that it was impossible under present conditions, 
having regard to the prices which we obtain for ammonium 
products, to recover ammonia and to convert it into a 
suitable ammonium product at a profit. That experience 
does not only exist so far as small works are concerned 
but it is common with the medium size works, and there 
are singularly few large works, except the London works 
and probably Manchester and works of that type, that can 
show a revenue from ammonium to-day. The only way 
in which that situation can be met is by converting the 
gas liquor which is formed at ‘the smaller works and 
medium size works, and indeed, at some of the larger 
works, into a product of higher concentration, what we 
call concentrated gas liquor. I was responsible for the 
erection of the first automatic plant some five years ago 
and I made it clear that the concentration of gas liquor 
was growing and, indeed, would continue to grow. I can 
say to-day that the extent to which concentrated gas 
liquor is being made is of the order of 45,000 tons a year. 
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Coal to the extent of 1} million tons at coke ovens is being 
d via its ammonia as gas liquor to concentrated 


ver 

Seer, ind coal to the extent of 2; million tons at the 
vas-wo. ks of this country is being converted, so far as its 
gas liquor is concerned, to concentrated gas liquor. The 
work which the Committee has been undertaking with 


regard to concentrating gas liquor and ammonium bicar- 
ponate as fertilizer is work that might be taken advantage 
of at certain isolated places but is not intended to be 
recommended for the manufacture of ammonium bicar- 
honate or, indeed, the manufacture of concentrated gas 
liquor as fertilizers, as such, but it is an easy matter if 
concentrated gas liquor is available to make any am 
monium product at economic price. Works are operating 
to-day which are dealing with 10,000 tons of concentrated 
eas liquor per year, and the price at which sulphate of 
ammonia is being manufactured under these conditions is 
such that a very satisfactory profit can be made. Indeed, 
my own Company has developed this question of concen- 
trated gas liquor to such an extent that we have sufficient 
hydrogen sulphide released in the manufacture of 
sulphuric acid to justify an independent unit af plant 
for the manufacture of sulphuric acid from the hydrogen 
sulphide which is available, and we are making sulphuric 
acid in what is practically an automatic plant at an in- 
credibly low cost. It is, however, in cases of that kind 
that the question of gas liquor and its satisfactory utiliza- 
tion can ultimately achieve success. ry 

The position with regard to by-product ammonia is even 
more important to-day than it was five years ago, and it 
will be infinitely more important in the next few years, 
and yet gas engineers pay singularly little attention to 
the recovery of ammonia on economical lines. During the 
last two months I have had no less than six samples of 
gas liquor sent me asking whether it would be profitable 
to convert these gas liquors to concentrated gas 
liquor and whether the process was likely to be successful 
in any of these cases, and yet what do the analyses of 
these liquors reveal? They reveal that the content of 
ammonia in five cases out of six is less than 1 per cent. 
and that the fixed ammonia is more than 50 per cent. of 
the total. That is all evidence of the fact that the volatile 
ammonia is being allowed to escape and that no attention 
has been paid to the economic recovery of gas liquor. 
Where coal is carbonized in horizontal retorts and where 
one does not seek to resort to steaming of the incandescent 
substance it is easy to make the gas contain 3°5 per cent. 
of ammonia. When you are carbonizing Durham coals 
there is no reason why the content of fixed ammonia should 
be more than 18 per cent. 

I had occasion to be in Germany for a fortnight recently 
and the steps which are being taken there to economize all 
sorts of resources is, indeed, a remarkable example of 
what is being done with a certain object in view. Crank 
case lubricating oil which is being discarded is being col- 
lected, filtered, distilled under vacuum, fractionated, and 
converted into a salable lubricating oil again. Herr Hitler 
has seen fit to give a subsidy to those who undertake this 
work. The same thing applies to Diesel oil, and the same 
arrangements are applying to the collection of metals 
which under ordinary circumstances would be used in the 
household, but they are now forbidden and extraordinary 
measures are now being taken to conserve the resources in 
that connection. 


Country’s Ammonia Sources. 


This country is dependent on two sources for its am- 
monia. You have the synthetic plant at Billingham, which 
is in a vulnerable spot and capable of being rendered hors 
de combat at any time. What is the available alternative 
source? It is by-product ammonia, but singularly few 
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gas-works are paying any attention to the recovery in an 
efficient way of that product. In national emergency the 
by-product ammonia problem is a problem of the first 
order and it is vital in the national interests that this 
question should have very earnest consideration. I know 
what I am talking about. I know the steps which are 
being taken in the erection of huge nitric acid plants on 
the Continent. I have discussed the question with people 
who have tunnelled hills and mountains in the neighbour- 
hood of Lake Balaton, which is 60 miles outside Budapest, 
and they have erected an arsenal there in order to be free 
from air attack. This question makes it even more im- 
portant that there should be recovery of the fixed 
ammonia. Hitherto the automatic plants for the manu- 
facture of concentrated gas liquor have been based solely 
on the recovery of the free ammonia as such, but there 
has been definite development in the production of con- 
centrated gas liquor. First of all, plants were erected for 
the manufacture of a product containing 16 pey cent., 
working automatically and without the necessity for any 
labour. Then recently and during the last twelve months 
a further attempt has been made to raise the concen- 
tration to 20 per cent., and that plant bids fair to prove a 
distinct success. We have, however, gone farther and 
erected automatic plant—and this is a much more diffi- 
cult problem—by which the liming is undertaken in 
such a way that the amount of labour involved will be 
singularly little indeed. It is my view, however, that the 
whole of the ammonia, both fixed and free, can be con- 
centrated to a strength of 20 per cent. in plant which does 
not necessitate any labour and which will admit of the 
product being produced profitably. I think the ammonia 
soda industry is beginning to realize what a great ad- 
vantage concentrated liquor has in the manufacture of 
this product because prices have been raised quite recently 
by about 40 per cent. You know, of course, that syn- 
thetic ammonia is not a very advantageous product for the 
ammonia soda industry because when they come to re- 
cover the ammonia they find they have no ammonium 
sulphide and that the cast-iron stills are attacked, whereas, 
on the other hand, if ‘they purchase concentrated gas 
liquor they have ammonium sulphide and, what is more, 
they have also got rid of the CO., and in the production of 
soda ash by the ammonia soda. process it is necessary not 
only to ammoniate the brine but also to carbonate the 
ammoniated brine afterwards, and this can be done in one 
step if advantage is taken of concentrated gas liquor. 
There is a very wide field for the application of am- 
monium bicarbonate itself for purposes other than those 
which have been explained in the Report. 

Dr. A. C. Monxuouse: I would like to support Dr. 
Parker’s suggestion of a further review of the Committee’s 
findings as a result of the whole of its work up-to-date. I 
think a synopsis was given in the 1932 Report, and if that 
was extended and brought up-to-date it would be a valu- 
able and useful guide to the rather busy gas engineer. I 
was particularly interested in the effect of precipitants 
because I remember at Hinckley that lime was added to 
the sewage to the extent of about 20 grains per gallon, 
mainly to precipitate dye-works waste, and it was also 
added to the condensed sewage and there was a noticeable 
development of a reddish colour due to the de-mixed spent 
liquor, and this colour tended to persist even in the final 
effluent. In view of the fact that chemical treatment is 
not as successful with sewage gas-liquor mixtures as with 
sewage alone, I should like to know whether it is con- 
sidered that spent liquor from sulphuric acid plant where 
liming is employed is more difficult of bacterial treatment 
than non-limed spent liquors. Chlorine is being used as a 
de-oderant of sewage in aerobic conditions to a certain 
extent but its application has heen considerably affected 
by trade waste discharge. 
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27th Report of the 
Refractory Materials 
Joint Committee 


Communication No. 143 


The Effect of Hydrocarbon Gases on Refractory 
Materials.—The subject of the interaction of hydrocarbons 
and refractory materials is of obvious importance to the 
Carbonizing Industry. The Report for last year included 
an account of preliminary experiments undertaken on this 
subject. It was shown that methane, passed at a slow 
rate over specimens taken from certain firebricks and 
maintained at 800° C., caused their complete disintegration. 
The breakdown is associated with the deposition and 
growth of carbon in certain positions, the “‘ iron spots ”’ 
being the foci of the action. In proceeding further with 
this investigation, the action of methane on firebrick and 
silica materials has been studied at 900° C., and again dis- 
integration of certain of the firebrick specimens has been 
observed, after a somewhat shorter period of exposure. 
The silica bricks were not disrupted. The action of town 
gas has also been examined at 500°, 800°, and 900° C. 
Whereas at 500° and 800° C. no disintegration occurred in 
a period of 200 hr., at 900° C. one firebrick specimen was 
broken up and others had developed cracks in 72 hr. In 
this case also the silica brick materials were unaffected 
except for discoloration. The absence of disintegration in 
the specimens heated at 500° C. in coal gas is noteworthy 
since this is within the range of temperature where break- 
down due to the action of carbon monoxide may be ex- 
pected, and the gas used contained carbon monoxide and 
methane in approximately equal proportions. 

Jointing Cements.—The technique of investigating the 
mechanical stability of iointing cements at high tempera- 
tures has been developed in several ways during the past 
few years. This year’s Report contains a description of 
new apparatus by which the behaviour of ioints in tension 
or compression can be followed up to about 1,400° C. 
Hitherto the behaviour of joints under compression alone 
has been investigated. 

While the behaviour under compression probably relates 
to the case of the horizontal joints in an installation, little 
information has been available for the study of vertical 
joints, in which both compressive and tensile forces may he 
expected to develop. The apparatus can also be used to 
measure the tensile strength of ioints at high temperatures. 

he experimental work reported refers to a sillimanite- 
ball clay-sodium silicate cement, which has been examined 
both under compression and tension, and the results have 
been presented in the form of temperature-deformation 
curves. In addition, similar curves have been obtained for 
various lime- and clay-bonded silica cements heated under 
different loads and values are reported for the tensile 
strength at 1,300° C. of joints prepared from these 
materials. 

There is also an account of an attempt to use measure- 
ments of the permeability to air of cemented and fired 
joints to assess their gas-tightness under different condi- 
tions. The issue is complicated by the tendency of ceramic 
materials to increase rather than decrease in permeability 
as vitrification and bonding develop with increased heat- 
treatment. Thus, mechanically strong. well-fired joints 
may be less gas-tight than the weaker ioints obtained on 
firing at lower temperatures, 


The Action of Alkali Vapours on Refractory Materials.— 
Sections of the 24th, 25th and 26th Reports have already 
been devoted to this extensive and important subject. In 
the present Report an account is given of further experi- 
ments on the action of potassium chloride vapour in the 
presence of dry or moist air at 1,000° C., and of the action 
of the vapour from a potash-silica glass at 1,200° C., on 
different refractory materials. With respect to both types 
of action it has been shown that the intensity of the previ- 
ous firing to which the material has been exposed exerts a 
considerable effect on the weight of vapour absorbed, hard 
firing tending to reduce the amount taken up. The effect 
of the porositv of the refractory has also been under in- 
vestigation. Here also, in both actions, the more porous 
products were the more absorptive. In the case of the 
action with potassium chloride vapour, however, true 
chemical action is distinguishable from simple absorption, 
and it has been shown that decomposition of the chloride 
is not appreciably favoured by the more porous materials: 
An interesting observation, probably of some considerable 
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importance, has been made on the action of pot:ssium 
chloride vapour on china clay and firebrick materj.'s at 
1,000° C. It has been noticed that the specimens exp ;jdeqd 
uniformly, as much as 8 per cent. linear expansion ring 
recorded. The expansion can only be regarded as (yj. 
cating some breakdown of the brick structure by a press 


different from the normal one of fusion. Bearing in :;ind 
the difficulties attendant on the expansile charact.» of 
silica products, the action would seem to be one ‘hat 
merits close study. 


The Refractoriness-under-Load Test.—Attention has !icen 
directed in previous Reports to the two main types of test 
in current use. In the first, the specimen is heated wiley 
a constant load with a constant rate of rise of temperatire 
until collapse or 10 per cent. deformation occurs. A con- 
tinuous temperature-expansion-deformation curve _ js 
usually obtained of which (a) the temperature at which 
subsidence commences, (b) the temperature at which sb- 
sidence markedly accelerates, and (c) the temperature of 
collapse or 10 per cent. deformation of the test-piece are 
regarded as the most important reference temperatures, 
In the second type, the specimen is heated under a con- 
stant load until a predetermined temperature is reached 
which is maintained for a given period. The expansion or 
deformation is recorded. 

The 25th and 26th Reports gave accounts covering in- 
vestigations on the first type of test, and showed, inter 
alia, that the temperatures of initial and of accelerated 
subsidence were completely obscured owing to the ex- 
pansion of the carborundum supports in the usual method 
of recording deformation. 

The second type of test, being a maintained temperature 
test, is obviously not so liable to errors of this nature. 
In the present Report an account is given of experiments 
designed to ascertain the degree of accuracy obtained in 
the measurement of subsidence in a test of this kind. 
Several sources of error, most of which are quite small, 
have been disclosed during the work. 


Experiments on the Behaviour of Silica Mixes on being 
Pressed.—The importance of the subject of pressing in 
relation to the ‘“‘ texture’’ of refractory materials and 
their durability in service has been emphasized in the 26th 
and earlier Reports. Last year a study was made of the 
process of pressing in relation to sillimanite mixes. 

The present Report contains a description of a similar 
study in connection with silica brick mixes. Very similar 
results have been obtained with regard to (a) the relation 
between pressure and porosity, and (b) the effect of the 
process of: pressing in causing an alteration in the pro- 
portioning of the various grain sizes. The work has also 
been extended to include a study of the effect of simul- 
taneous pressing of the mould from the top and the bottom 
in order to ascertain whether this process reduced the 
variation in texture from the exterior to interior inherent 
in singly-pressed products. 


The Heat Balance and Performance of a Muffle Tunnel 
Kiln Fired by Town Gas.—An investigation on the effi- 
ciency and performance of a muffle tunnel kiln firing glazed 
pottery by town gas has recently been completed. The 
Refractory Materials Joint Committee, during its visit to 
the Mellor Laboratories in June, 1936, showed consider- 
able interest in this work and asked that a short abstract 
be included in the Annual Report of the Committee. The 
original Report is lengthy and the reader is referred to 
Bulletin No. 41 of the British Refractories Research As- 
sociation for full details. Here it may be mentioned that 
very effective economies, in comparison with the old sys- 
tem of firing in intermittent kilns, have been effected by 
this system of firing, 


Other Researches and Reports.—A comprehensive re- 
view of the progress of research in refractory materials in 
1935 has been published in Bulletin No. 40 of the British 
Refractories Research Association. 

Investigations on producer linings and on the durability 
of refractory materials in retorts are continued. An in- 
stance of the flaking of silica material in horizontal retorts 
is reported. 


Mr. Watter Grocono then presented the 27th Report of 
the Refractory Materials Joint Committee, and was 
followed by Mr. A. T. Green. 


Discussion. 


Mr. Frank WEsT, in a communication which was read 
for him at the Meeting: In my dual capacity as Vice-Chair- 
man of the British Refractories Research Association and 
as a Member of the Institution, it is my privilege to dis- 
cuss the Report from two points of view. On behalf of the 
British Refractories Research Association and particularly 
on behalf of the Chairman of that body, I should like to 
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state that this Report, which is presented in such detail 
and with such clearness, marks another year’s progress of 
research in refractory materials. The investigations cover 
a wide scope and the whole of the matter dealt with is of 
interest to the carbonizing industry, and the manner in 
which these investigations are being developed is to be 
commended, 

From the financial aspect, I should like to say how much 
the Research Association is appreciative of the substantial 
financial support given to it by this Institution and Gas 
Undertakings and trust that this support will be continued 
and possibly increased. Although in past years much use- 
ful work has been done, there still remain many investi- 
gations to complete and many new problems to attack. 
To maintain the progress necessary for the satisfactory 
solution of all the problems in refractories, which are set 
by the carbonizing industry, an adequately increasing sum 
is desired as extensions to the laboratories have already 
been found necessary. 

Speaking now as a member of the Institution, several 
points from the investigations appear to me as being of 
particular interest. The study of the effects of hydrocar- 
bons and coal gas at various temperatures on refractory 
materials is revealing some peculiar facts which I feel 
sure will throw light on some hitherto inexplicable failures 
of refractories in certain zones of the retorts. A notable 
advance in the study of the properties of jointing cements 
is now reported and it seems that the new methods of 
attack will yield valuable information in the near future. 
There is no doubt that in the Gas Industry the problem 
of mechanically strong and sealed joints is one of utmost 
importance. There are so many factors which influence 
the creation of a sound joint and its maintenance during 
working. Gradually these factors are being examined and 
controlled, but much still remains to be done before suffi- 
cient guidance can be given to enable consumers to de- 
mand and obtain the ideal jointing material. The con- 
tinuation of the work on the action of alkalis has revealed 
several interesting features which, to my mind, will 
materially assist us in understanding the action on re- 
fractory materials in certain zones of vertical retorts. 
The work on the refractoriness-under-load test throws 
valuable light on certain features of the testing, and it 
apnears that we should now be much nearer obtaining a 
satisfactory method for testing materials under load which 
will give us the maximum amount of information with 
the minimum error. 

Texture in relation to pressing pressure appears from 
the Report to be receiving close study, and the results of 
the continuation of this work will be watched with interest 
by all who realize the importance of texture in relation 
to the life of refractories. One of the most interesting 
pieces of research in the present Report is, in my opinion. 
the Paper on the performance of a muffle tunnel kiln fired 
by town gas. This is one of a series of experiments, &c., 
on kiln firing which is certainly of interest to the gas 
engineer, and will repay careful study as it provides an 
indisputable argument in favour of the efficiency of gas 
as a heating medium in processes which had hitherto been 
considered solely suitable for intermittent coal firing. 


Gas Consumption in Various Kilns. 


Mr. T. Auten: Arising out_of the Report on the per- 
formance of a muffle tunnel kiln, the Committee asked me 
if I would give some figures for gas consumption in kilns 
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of various types built by us, with the view of further 
stimulating intérest in the use of town gas, which has been 
prominent in the activities of my firm for a number of 
years, not only as applied to kilns of the tunnel type for 
the ceramic industry, but also for furnaces of various types 
for the metallurgical trades. 

In the Report before you, you have full particulars of 
the Dressler muffle tunnel kiln, firing glost general earthen- 
ware, erected by us at Messrs. Mintons, from which you 
will note that the gas consumption is 3,600 cu.ft. per 
hour, which equals 605,000 cu.ft. per week. Since this 
Report was published I understand we have somewhat re- 
duced the gas consumption. We have another tunnel kiln 
of the open flame type, firing biscuit and glost general 
earthenware placed in ‘ saggers;’? the temperature is 
1,080° C. and the gas consumption 3,100 cu.ft. per hour 
(say, 520,000 cu.ft. per week). 

Several kilns of the open flame type have been erected 
by us fer firing once-fired electric porcelain, at a tempera- 
ture of 1,220° C., and the gas consumption is about 840,000 
cu.ft. per week per kiln. 

In connection with vitreous enamelling furnaces, we 
have not been so successful in the application of town 
gas as for other types of kilns and furnaces, although we 
have spent a great deal of money in design and research 
with the view of getting over the difficulties. In the con- 
struction of these muffles we are compelled to use highly 
conductive refractories, such as silicon carbide. and one 
of the great difficulties has been to prevent ultimate dis- 
integration with this type of refractory. 

I am glad to note that in another section of the Report 
that is before you, you have a great deal of information 
on the effect of coal gas on refractory fire and silica brick 
specimens at different temperatures. and here is another 
nroblem that Dr. Mellor and his excellent staff might use- 
fullv investigate—that is, the effect of coal gas on silicon 
carbide refractories at temperatures above 800° C. 

_In this particular field of vitreous enamelling, the ques- 
tion of the cost of fuel is also a very important one, as 
under present conditions it is very difficult to compete with 
solid fuel. As a matter of interest I might sav that on an 
enamelling muffle 15 ft. long bv 5 ft. wide, when working 
at a temperature of 850° to 900° C., the cost of coal firing, 
with coal at 30s. per ton, is approximately Is. 6d. per 
hour; with oil firing at £4 per ton, which, of course, in- 
cludes the tax, the cost is about 3s. per hour. To enable 
us to get down to oil-fired figures the town gas cost has 
to be in the region of Is. per 1,000 cu.ft. The price of 
gas has a profound influence in its application for all tyves 
of both tunnel kilns and furnaces. It is with considerable 
satisfaction that I have noted, particularly the last two or 
three vears, that special prices for gas have been given, 
which has enabled us to put forward many economic pro- 
positions. In fixing the price of gas for either kilns or 
other tvpes of furnace where a continuous operation is 
involved, that is, where a plant works from Jan. 1 to 
Dec. 31. snecial consideration should be given, as certain 
overhead charges are saved in supplying gas for such types 
of plant. 

_ Finally. I might add that town gas consumed on all 
industrial plants erected by us must now be in the region 
of something like five million cubic feet per day, and we 
have not yet by any means reached saturation point, as 
we have only this week received an order for a battery of 
furnaces, all using town gas, which will consume very 
nearly half a million cubic feet per day. 
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The Scaling of Mild Steel in Sulphur-Free 
and Sulphur-Containing FurnaceAtmospheres 
(Continued) 


Communication No. 145 


By H. C. Mitcerr, Px.D. (Instirution Gas RESEARCH 
Fettow), anp J. W. Coss, C.B.E. (Livesey PRoFessor). 


I. INTRODUCTION AND SUMMARY. 


The following Report is mainly concerned with work 
carried out in order to provide answers to questions aris- 
ing from careful consideration of the previous Gas Research 
Fellowship Report, presented in 1935, and in amplification 
of the same subject. 

In that Report results were given of a few experi- 
ments made to ascertain whether the small proportion of 
nitric oxide known to be present in the products of com- 
bustion of town gas (and of other fuels) had any appreci- 
able effect on sealing at high temperatures, comparable 
with its demonstrated effect on corrosion at low tempera- 
tures, when condensation of the contained water vapour 
was occurring. Actual products of combustion had been 
employed from coal gas burned in a column of refractory 
material, and no scaling effect from the nitric oxide could 
be detected. It was thought necessary, however, to 
make further experiments in which known quantities of 
nitric oxide were added to a synthetic atmosphere, and 
by that means it was demonstrated that as the concen- 
tration of nitric oxide was increased (Table A) there 


TABLE A.—Inflnence of Nitric Ovide on Scaling at 1,000° C. in the 


“ Neutral” Furnace Atmosphere, 10 per Cent. CO2, 20 per Cent. H,0, 
70 per Cent. No. 


Period of exposure, 1 hr. 


Per Cent. Increase in Weight. Increase Due to NO. 
NO in 
Inlet 
Atmosphere. |G. per Sq.Cm.| Oz. per Sq.Ft. | G. per Sq.Cm. | Oz. per Sq.Ft. 
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Ficure 1.—Effect of Temperature on the Scaling of Mild 
Steel in Sulphur-free and Sulphur-containing Furnace 


Atmospheres. Period of Exposure, one hour. 
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was a progressive increase in scaling, but that ‘om 
the concentration of nitric oxide present in the products of 
combustion of coal gas no scaling effect was detects)|> 
Moreover, when experiments were made in which sealing 
agents such as free oxygen or sulphur dioxide, or the two 
together, were added along with nitric oxide, it became 
clear that scaling was not appreciably increased by the 
nitric oxide present. 

By the use of a gas furnace which allowed higher (em- 
peratures of experiment up to 1,300° C., the survey of 
scaling in different ‘‘ neutral ’’ atmospheres, with and with- 
out sulphur dioxide, was extended. As the temperaiure 
was increased scaling in both sulphur-free and _ sulpivur- 
containing atmospheres increased rapidly. The influence 
of 0°2 per cent. sulphur dioxide (as resulting from the 
combustion of unpurified coal gas) and of 1 per cent. free 
oxygen, included for comparison, is shown in Figure ] 
for the whole temperature range 700°-1,300° C. Moreover, 
Table B shows that at 1,200° C. approximately the same 


TaBLE B,— Additional Scaling due to the Presence of Sulphui 


Diowide at 1,200° C. 


Composition of ‘* Neutral” Increase in Weight, G. per Sq Cm. 








Atmosphere. Due to— 
H.O co 0°05 per 0°10 per 0°20 per 
2 Nz Cent. SO,. Cent. SO,. Cent. SO, 
I | 2 3 4 5 6 
—-, oe an ee Ss Sere Pewee ee creer \ een Sere ae 
20 | Io 70 0'0140 0*0290 0°0570 
10 10 80 0'OI50 0°0280 0°0550 
2 18 80 © O150 0°0280 0°0470 


additional scaling was brought about by a given percent- 
age of sulphur dioxide whatever the composition of the 
** neutral ’’ atmosphere to which it was added, i.e., what- 
ever the composition of the fuel burned. 

A more detailed study was made of the scaling 
of mild steel in furnace atmospheres containing free 
oxygen at 1,200° C. It was found that with ‘“‘ neutral ” 
atmospheres differing widely in composition, the results 
obtained from oxygen additions were nearly the same, that 
at this temperature higher concentrations of oxygen pro- 
duced more scaling, but that each increment of oxygen 
had less effect until a maximum scaling was probably 
approached with about 5°0 to 60 per cent. free oxygen 
(Figure 2). 
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Ficure 2.—Effect of the Addition of Oxygen on the Scaling 
of Mild Steel in ‘‘ Neutral’ Furnace Atmospheres at 
1,200° C. Period of Exposure, one hour. 


By making prolonged exposures (up to 46 hr.) in air at 
temperatures of 800°, 900°, and 1,000° C. it was demon- 
strated that the formula connecting period of exposure and 
increase in weight, viz., W* = Kt (where W = increase in 
weight, t = period of exposure, K = constant), was valid 
over very extended periods, such as 24 hours. It was 
also shown that the curve connecting temperature ani 


Ser OUR. 0 























GAS JOURNAL 
November 11° 1936 


scaling (Figure 3) had a definite small kink at 880° C., the 
scaliny diminishing from 880° to 900° C. and thereafter in- 
creasing again rapidly with temperature. This confirms 


results reported by Portevin, Pretet, and Jolivet in 1934, 
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hicure 3.—Effect of Temperature on the Scaling of Mild 
Steel in Air. 


Another phase of this investigation into the influence of 
furnace atmosphere on the scaling of steel may be men- 
tioned. It relates to this influence as affected by the com- 
position of the steel, our experiments so far having been 
made entirely on a normal mild steel of low carbon con- 
tent. Results have been obtained using other steels and 
form part of the First Report of the Alloy Steels Research 
Committee of the Iron and Steel Institute, 1936 (Section 
XI, by Preece, Richardson, and Cobb). They are sum- 
marized in this Report as being of interest. Figure 4 
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Ficure 4.—Effect of Sulphur Dioxide on the Scaling of 
Carbon and Alloy Steels in the ‘‘ Neutral’’ Furnace 
Atmosphere, 10 per cent. CO., 10 per cent. H.O, 80 
per cent. N2, at 1,000° C. Period of Exposure, one 
hour. 


illustrates the influence of the carbon content of the steel 
and alsc shows the remarkable attack of sulphur dioxide 
on some special alloy steels. The influence of sulphur is 
not limited to scaling. It penetrates the metal, sometimes 
forming eutectics with harmful results, and the metallo- 
eraphic investigation of these effects will probably be of 
at least equal importance to that of scaling. 


Nore. 
Concentration of Sulphur Dioxide in the Products of 


Combustion of : 
(a) Purified Coal Gas 0°01 per cent. 
(b) Producer Gas or Oil = 0°10 ss 
(c) Unpurified Coal Gas = 0°20 # 
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Professor Cops then presented the Gas Research Fellow- 
ship Report, and was followed by Mr. H. C. Millett. 


Discussion. 


Dr. ALtex. Fetts: In 1932 the problem of the action of 
sulphur in town gas for use in furnaces called for an im- 
mediate investigation at Sheffield. It had been suggested 
by certain fuel technologists that high-sulphur containing 
gas might be used successfully for the heating of steels of 
large section, a suggestion which had a definite bearing on 
the policy of the Company which I serve concerning ‘bulk 
supplies of coke oven gas. We carried out certain tests 
on a small industrial scale. Our investigations were made 
on a series of typical modern steels, in a furnace of a type 
commonly used in the steel industry. The furnace was 
fired by a burner system which allowed of very accurate 
control of the quality of combustion; in fact, which allowed 
of almost perfect combustion, with no excess air or un- 
burned gas. Any temperature desired in the furnace, up 
to 1,400° C., could be readily obtained and was capable of 
being automatically controlled within +5° C. The air/ gas 
ratio was also automatically maintained constant for the 
various rates of heat input to the furnace. 

The burner system, British Furnaces Low Pressure In- 
spirator type, was fitted so as to use either purified or 
unpurified town gas, the change-over from one gas to the 
other requiring only the turning of two taps, and could be 
done in a few seconds. We were thus able to heat steel 
at any desired temperature, in products of combustion 
either high or low in sulphur content, in a manner not 
removed from that used in everyday furnace practice. 
The results obtained were of the same order as those de- 
tailed in the Report under discussion, but it is not sug- 
gested that they were of the same degree of exactitude. 
The main items revealed were that high sulphur content 
gas gave much greater amounts of scale than purified 
town gas, and actual penetration of sulphur into the steel 
itself occurred, especially with high nickel content steels. 

The influence of sulphur on the rate and amount of 
seale formation is not the only determining factor in the 
preference for purified town gas. The type of scale 
formed, on iron oxide, iron sulphide eutectic has a lower 
fusion point than scale formed in a low sulphur content 
atmosphere, and at the high temperature used for heating 
for rolling and forging, this scale fuses and flows from the 
metal surface on to the refractory hearth of the furnace, 
causing very undesirable slagging and consequent frequent 
repairs to the furnace structure. This fusion of the scale 
and its flow from the metal surface, leaving further metal 
surface open to chemical attack, has an influence on the 
greater amount of scale formed when using high sulphur- 
containing fuels. 


Reducing Atmospheres and Purification. 


Without in any way wishing to detract from the value 
of the work given in this Report and the preceding Report 
on the same subject I do wish to point out that it is very 
seldom in steel works practice that products of ‘‘ neutral ”’ 
combustion are used in a steel heating furnace. Wherever 
possible an excess of gas is used, primarily to guarantee 
that no free air exists in the furnace, and secondly to 
obtain a type of combustion essential to the uniform 
heating of the furnace hearth. Furnaces are in use, in 
fact, for the heating of billets for rolling and forging, 
where the air and gas are not mixed before entering the 
furnace, and the steel is actually bathed in a medium of 
raw gas, especially when it has reached its final tem- 
perature. 

Furnace practice in Sheffield has shown that when using 
heavily reducing atmospheres of this type, with unpurified 
gas, the results are not so satisfactory by any means as 
when using purified gas, with the result that unpurified 
gas is no longer used except in a case of emergency ‘or 
unavoidable circumstance. With a normal purified town 
gas, however, we have probably the best fuel for technical, 
chemical, and metallurgical reasons it is possible to use 
for the heating of metals. 

In the last few years the manufacture of special alloy 
steels, such as high speed, stainless steels, and _nickel- 
chromium alloys, has developed rapidly, and these steels 
call for precision in heating of a kind not realized with 
more simple plain steels. Control of furnace temperature 
with town gas as fuel has taken no small part in this rapid 
development, but to-day the control of the furnace atmo- 
sphere when using purified town gas has added much to 
the successful production and fabrication of these alloys. 
These alloys are expensive, especially in the finished form, 
as tools, sheet, and wire, and in most cases it is not the 
cost of the fuel used to heat them at the various stages 
but the cost of removing damaged metal from the surface 
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due to heating. The value of the correct use of gases 
produced by the controlled combustion of purified town 
gas, in suitably designed furnaces, is undoubtedly ap- 
preciated in the metal industries, and it has been one of 
the technical reasons why purified town gas has enabled 
steel manufacturers, to develop precision production 
methods at a minimum cost. 

In considering this important question of the action of 
gases on metals, it is known without doubt to-day that the 
lower the sulphur content of the gases in contact with 
heated steel, the less scale is formed and the easier is 
general furnace control, and furthermore there is so much 
evidence available on the action of various gases and mix- 
tures of gases that the type of atmosphere required in a 
furnace for heating a particular metal can almost be pre- 
dicted with a fair degree of accuracy. 

The_ need of the moment, in my sincere opinion, is not 
for still further amplification of this existing knowledge, 
but for scientifically controlled investigation into the 
practical methods of producing the desired atmospheres 
and the designing of furnaces capable of using in an every- 
day practical manner the gaseous mixtures so produced. 
We must realize that the male ation of atmosphere con- 
trol is receiving ever-increasing attention by makers of 
electrically heated furnaces and town gas is being used as 
the basis of suitable purging media in preference to the 
use of cracked or partially combusted ammonia, butane, 
and other cylinder gases. We are giving every attention 
to the practical aspect of this subject in Sheffield, and 
have had some measure of success in the elimination of 
surface damage particularly in the heating of high speed 
steels, stainless steels, magnet steels, and the bright 
annealing of non-ferrous metals. 


Effect of Waste Gases on Steel. 


Dr. C. M. Waiter: The results in this Report taken in 
conjunction with the previous Report on the attack of SO, 
and oxygen on steel at high temperatures are most valu- 
able. In these days when so much attention is being given 
to the atmospheres necessary to preserve material, both of 
a non-ferrous and ferrous nature, from the attack of 
oxygen, SO., and other gases, I think the more informa- 
tion we can get of this kind the more quickly we shall get 
to a practical solution of this problem. I may say that 
some twenty years ago we carried out a very lengthy 
investigation on the effect of waste gases on steels at tem- 
peratures ranging from 900° C. to 1,400° C., and it was 
then appreciated that a sulphur content in excess of 600 
grains per 100 cu.ft. would definitely permanently damage 
steel forgings, especially at temperatures round about 
1,100° C. I should also like to mention that since that 
time forgers and metal stampers have rather been inclined 
to assume that the presence of SO, in the products of com- 
bustion did not matter and that it only added slightly to 
the amount of scale formed, whereas we knew quite well 
that owing to the inter-penetration of this sulphur and the 
formation of sulphides it was very harmful and actually 
led to a great deal of trouble. It is very illuminating that 
we now have definite information from the results of these 
experiments that this must be the case, and I am sure 
that it is going to do a great deal to assist the Gas In- 
dustry and also help us to show manufacturers that town 
gas is a better fuel for some of these high temperature 
operations than some of the other fuels which have been 
used in the past and which contain a higher percentage of 
sulphur. 

In the Report we have an oxidation curve, and the dip 
in that curve from 850° C. to 980° C. is undoubtedly due to 
an effect coincident with the fact of the carbon in the steel 
going into solution, but it is difficult to imagine, when one 
considers that these specimens have been heated for one 
hour, that we can get such a very big difference in the 
amount of oxidation produced at a temperature of 900° C. 
In other words, the lowering of the amount of oxidation 
seems to want a good deal of explanation. If we assume 
that this is coincident with the carbon going into solution 
in iron, forming a solid solution, then I think a great deal 
of information might be obtained if the experiments were 
repeated with a high carbon steel, say, about 0°8 carbon, 
over temperatures ranging from 750° C. to 810° C., the 
specimens being heated, say, for periods not exceeding ten 
minutes. We should then find, I think, to what extent 
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this suppressing of the oxidation is due to the combination 
of the carbon with the iron at the critical temperature 

With regard to Section VIII, I think we are all y: ry 
interested, and we shall be still further interested to h-ar 
of the further work which we understand is going to be 
carried out in connection with sulphur and oxygen at- 
tacked alloy steels because we know that alloy steels hive 
been developed for purposes where they may be at tines 
subjected to very high temperatures, and they may h:ve 
to withstand atmospheres such as we are dealing with in 
this Report. 


Straight Carbon Steels. 


I am sorry the Report does not give us more information 
with regard to the straight carbon steels running from, say 
0°35 to 0°8 carbon as there we have a very important series 
of steels in connection with the manufacture of tools which 
are used in large quantities every day, and we should be 
particularly interested to have figures relevant to the effect 
of SO, and oxygen attack round about the critical tem- 
peratures of these steels. It might be of interest to men- 
tion a case I had to deal with some time ago in which 
sulphur was actually found to be an advantage, but it is 
the only instance I can quote where I have found it to be 
so. We had to deal with the heating of very delicate work 
produced from hard drawn wire. The furnaces used at 
the time were very crude and the sulphur content of the 
waste gases was extraordinarily high. We introduced gas 
furnaces with controlled atmosphere and eventually we 
were able to get an almost perfect result. Unfortunately, 
however, the old type of furnace with its sulphurous atmo- 
sphere gave an extraordinarily good result; so good that 
the extra cost of the gas-fired furnace was found to be 
eventually unjustified. “What was happening in this case 
was that the temperature range was from 750° C. to 786° 
C., and at that temperature the sulphide formed on the 
surface in the form of a bright enamel, and that had been 
protecting the surfaces during the time of the removal of 
the wires from the furnace, and there was no oxidation 
during the time it was in the air before being put into the 
quenching tanks. At that temperature the sulphur did 
not inter-penetrate at all, and we could only assume that 
the reason was that the material was very close grained 
and had a great deal of cold work put on it prior to the 
heat treatment. That brings me to my last point, which 
is that in assessing the attack of oxygen and SO. on 
metals we have always felt that the condition of the sur- 
face really makes a great deal of difference. If the 
material has been cold worked prior to heat treatment we 
generally find it is more resistant to attack of SO. and 
oxygen than a material with a more open grain. 


Problems with Electric Heating. 


Mr. H. J. Hopsman: Mr. Millett made his earlier ex 
periments on an electrically-heated furnace at a tempera- 
ture of 1,000° C., and when he wanted to make experiments 
at 1,200° C. the problems with electric heating increased 
considerably. I found, for one thing, one can never have 
sufficient switch gear, rheostats, and transformers, and in 
the circumstances I consulted Mr. Dieterichs, who designed 
me a special furnace to produce the required temperature 
of 1,200° C. It was very successful. The first thing that 
Mr. Millett noted was that this new furnace required a 
very much shorter time over that previously required and 
that he could do three experiments in the same time that 
he previously took to do two experiments. The necessity 
for elaborate control gear disappeared. Then there was 
another interesting point; he found that when he wished 
to go up to 1,300° C. he did not require to get a new 
furnace, but that by the injection of a little oxygen into 
the supply of air he could overload his furnace to that 
extent. I notice Mr. Fells thinks that is rather improper, 
but it seems to me a very good point in favour of the gas 
furnace that it can be so easily overloaded in that manner. 
The reason why I make this point is because in laboratory 
technique there seems to be the idea that any accurate o1 
close control of heating must necessarily be done electri- 
cally, but here is an example where the advantage ap 
peared to be on the other side. The only difficulty that | 
noticed arising from this is that the apparatus makers do 
not cater for us in that way and there is a real difficulty 
in getting suitable gas heated furnaces. 
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3rd Report of the 
Gasholder Committee 


Communication No. 144 


I. RECOMMENDATIONS. 


The Gasholder Committee of The Institution of Gas 
Engineers has repeatedly directed attention to the neces- 
sity for the adequate inspection and maintenance of Gas- 
holders and the keeping of a systematic record thereof. 
Nevertheless, recent inquiry covering more than 1,200 Gas 
Works, revealed that satistactory periodic examination of 
Gasholders was being made in only 51 per cent. of such 
Works and that in the remaining 49 per cent. the exami- 
nation was either inadequate or wanting. Although this 
proportion represents considerably more than 51 per cent. 
of the total gas made, the position cannot be regarded as 
satisfactory. 

Further, recent Gasholder Accidents have again drawn 
attention to the possibility of Water-Sealed Gasholders be- 
coming weakened by internal corrosion to such an extent 
as to be unable to stand the stress of normal working. 

The Committee, therefore, urges that immediate effect 
be given by all Gas Undertakings to the recommendations 
made in this Report. Only by such co-operation will the 
issue of obligatory Governmental Regulations be avoided. 

The Committee has given attention to the important 
question of the inspection of water-sealed Gasholders for 
the purpose of detecting internal corrosion, in the produc- 
tion of which age in itself is considered to have little influ- 
ence. Apparatus for determining the thickness of the 
sheeting without the necessity of entering the Gasholder 
have been tested by the Committee, and it is concluded 
that the most convenient method at present available is 
to cut discs from the sheeting, in the manner desc ribed. 

The conduct of repairs to water-sealed Gasholders was 
dealt with in ‘‘ Voluntary Rules to be Observed in the Re- 
pair of Water-Sealed Gasholders ”’ in Publication No. 120 
in 1935, and such Rules are reproduced in the present 
Report, with amendments. 

The Committee has considered in detail the inspection, 
maintenance and repair of piston-type (i.e., waterless) 
Gasholders and its recommendations are comprised in Ap- 
pendices entitled ‘‘ Inspection and Maintenance of Piston- 
Type (Waterless) Gasholders,’’ ‘‘ Piston-Type (Waterless) 
Gasholder Inspection and Maintenance Record,” covering 
daily, half-weekly, fortnightly, monthly, and _ half-yearly 
inspection and maintenance, and ‘‘ Voluntary. Rules to be 
observed in the Repair of Piston-Type (Waterless) Gas- 
holders.”’ 

Although High Pressure Gasholders are not extensively 
used in this country, the Committee has appended to this 
Report its recommendations with regard to the “ Inspec- 
er Maintenance and Repair of High Pressure Gas- 
1olders.’ 


II. GASHOLDER ACCIDENTS.* 
(a) Hong Kong. 


The Committee has considered a report and correspond- 
ence relating to an Accident at West Point, Hong Kong, 
on 14th May, 1934, involving a guide- framed gasholder, of 
500,000 cu.ft. capacity. The Special Jury, at the Coroner’s 
Inquiry into the Accident found that :— 


‘*The original cause of the disaster was an escape 
of gas from the holder, due to the failure of the side 
sheeting. The side sheeting failed from wastage due to 
corrosion. 

‘* We lean to the opinion that the original ignition 
was caused by sparks from the tearing of the plates as 
the gasometer fell. We are of the opinion that there 
was later a minor explosion in the watchmen’s hut.”’ 


The Committee has since discussed with the Engineer 
and General Manager of the Hong Kong and China Gas 
Company and with the Assistant Government Marine Sur- 
veyor, Hong Kong, the Legislation which the Govérnment 
proposes to enact providing for the inspection and main- 
tenance of gasholders under Government observation. 


(b) Barrow-in-Furness. 


The circumstances of an accident at Barrow-in-Furness 
on 17th January, 1935, involving a rope-guided gasholder, 


Accident at Neunkirchen (Saar) involving a Waterless 


* A Report on the 
1933. Was separately published by the 


isholder on roth February, 


stitution as the 2nd Report of the Gasholder Sub-Committee (Communi- 
tion No. 79). 





451 


of 400,000 cu.ft. capacity, were considered by the Com- 
mittee. 

A member of the Committee visited the scene imme- 
diately after the accident and his Report to the Commit- 
tee indicates that wasting had taken place with rema:k- 
able evenness over the whole area of sheeting exposed to 
the gas, without any evidence of pitting. Such a condition 
would make it difficult to judge the loss of metal by visur! 
examination of the interior, but such loss would have been 
revealed by cutting out small discs from the sheeting while 
under pressure, the discs being afterwards gauged for 
thickness. 


(c) Dewsbury. 


The circumstances of an accident at Dewsbury on 18th 
June, 1936, involving a guide-framed gasholder having a 
flying lift and a total capacity of 750,000 cu.ft., were con- 
sidered by the Committee. A sapaslans of the Committee 
visited the scene immediately after the accident and his 
Report to the Committee makes it clear that the accident 
originated in an explosion in the Governor House. There 
was no explosion in the gasholder. 

It is probable that the carriage rollers of the flying lift 
were above the top of the column guides at the time of 
this explosion and that the impact of the explosion and 
resulting sudden increase in stress on the crown sheeting 
caused rupture to take place, the pressure of gas being 
thus suddenly released and the bell dropping rapidly and, 
being no longer truly circular, jambing in the guides. 


III. GENERATION OF HYDROGEN SULPHIDE IN 


WATER-SEALED GASHOLDERS. 


It is considered of the utmost importance that, in any 
cases where the generation of hydrogen sulphide in a Gas- 
holder is suspected, the gas entering and leaving the 
holder, and the water in the holder, ‘should be submitted 
to precise chemical examination. Details of the appara- 
tus and methods of control and of methods for the pre- 
vention or relief of contamination are given in the “ Re- 
port on the Generation of Hydrogen Sulphide in Water- 
Sealed Gasholders ’’ by the Gas Light and Coke Company 
and the South Metropolitan Gas Company. The Report 
(Publication No. 117) was presented and discussed at the 
7th Autumn Research Meeting in 1935. 


IV. GENERAL. 
(a) Protection of Gasholders from Fire in Adjoining 
Premises. 


The Committee has given advice on the Protection of 
Gasholders from Fire in Adjoining Premises and is pre- 
pared to give information on the subject to Gas Engineers 
interested, 


(b) Purging of Gasholders. 


The Committee has under consideration the question of 
purging Gasholders with inert gas, upon which it hopes to 
report later. 


(c) German Gasholder Specifications. 


The undermentioned German Gasholder Specifications 
have been received by the Committee :— 


(i) ‘‘ Standard Specifications for the Construction and 
Erection of Low Pressure Gasholders,’’ compiled 
jointly by the German Association of Gas and 
Water Engineers and the German Gasholder 
Manufacturers in 1930. 

(ii) ‘‘ Directions for the Erection and Operation of Low 
Pressure Gasholders, together with Interpreta- 
tions and Order of the Federal and Prussian Minis- 
try of Industry (also for the Federal and Prussian 
Ministry of Labour),’’ issued by the Federal and 
Prussian Ministry of Industry in collaboration 
with the German Association of Gas and Water 
Engineers, on 8th October, 1935. 

(iii) ‘* Directions for the Erection and Operation of High 
Pressure Gasholders for Town Gas,’’ issued as a 
German Standard Specification in December, 1933 


(DIN Vornorm, DVGW 3,221). 


The German editions of these Specifications, and English 
translations of (i) and (ii), are available for reference in 
the library of the Institution. 


(d) American Gasholder Regulations. 


The Committee has received the ‘‘ Rules and Regula- 
tions pertaining to the Inspection and Maintenance of Gas- 
holders,’’ issued by the State of New York Department of 
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Public Service, State Division, with effect on Ist June, 
1935. 

These rules and regulations were the outcome of the 
Order adopted by tne Public Service Commission on 24th 
July, 1984, arising from tne Proceeding on motion of the 
Commission as to the safety of Waterless Gasholders and 
as to the need for regulations respecting their maintenance 
and use. ‘This Order stated, inter alia, ** that the water- 
less type of gasholder is not considered unsafe.” 


Introduction. 


Mr. Tuomas Harpie (Gas Light and Coke): The Com- 
mittee have now practically completed the work on which 
tney have been mainly engaged during the last two or 
tnree years, that is, the preparation of proposals tor the 
proper maintenance ot all types of gashoiders. The latest 
parcculars are published in this Keport and with these are 
re-issued previous publications on the same subject, so that 
members may have the whole of the recommendations in 
a convenient torm, and so that there may be no excuse for 
their non-adoption by lack of knowledge of their existence. 
While the Committee do not necessarily propose that their 
recommendations should be adopted in every detail, they 
do sincerely trust that every member will give the recom- 
mendations careful consideration and take steps to see 
that the undertaking he represents, if it is not already 
doing so, immediately adopts a system of inspection and 
maintenance at least as satisfactory as that recommended 
by the Committee. 

An examination made by the Home Office some little 
time ago showed that only one half of the gas-works in 
the country had put into operation an adequate system of 
inspection and kept systematic records, and I am afraid 
that the efforts the Institution have made to stave off the 
imposition of obligatory Government regulations may be 
wasted unless the remaining half come into line. 

The principal object, however, that the Committee have 
had in view in the recommendations that they have put 
before you from time to time, has been the prevention 
of accident which may cause damage to personnel, or dis- 
location of supply. Indeed, we are jealous of the main- 
tenance of the high reputation that the Industry holds for 
freedom from accident and for a high state of efficiency. 
For these reasons, I again urge on behalf of the Commit- 
tee that their recommendations be accepted and imme- 
diately brought into operation. 

I would like, however, to thank each member of the Com- 
mittee for the work he has done and for placing his ex- 
perience and information at the disposal of the Committee. 
I should like to mention Mr. Birks specially, as he is 
responsible, not only for drafting much of the new matter 
given in the appendices, but has visited, on behalf of the 
Committee, works where accidents to holders have taken 
place for enquiring fully into the circumstances. 


Discussion. 


Mr. E. B. Tomuinson (Birmingham): I would like to 
emphasize the great need that the recommendations of 
the Gasholder Committee should be adopted in 100 per 
cent. of the gas-works in this country, because otherwise, 
as Mr. Hardie has already said, we are bound to have 
obligatory regulations imposed upon the Industry by the 
Home Office. The reports of the Gasholder Committee 
have been drawn up for the guidance of every gas works, 
not for the few. I do want to stress how important 
it is that everyone who receives this Report will in his 
own personal way try to influence his brother engineers. 

The new matter in the Report comprises important ap- 
pendices on the external and internal inspec tion of water- 
sealed holders and on the maintenance, inspection, and re- 
pair of waterless and high-pressure holders. The develop- 
ment of an efficient means of determining the internal 
condition of a water-sealed holder while it is still in com- 
mission marks a very important step forward. The In- 
dustry is indebted to the Gas Light and Coke Company for 
havipg devised and perfected the method described in the 
Report (Appendix 4) and for having presented the results 
of their investigations. The trepanner there described is 
a thoroughly practical too! and, in the hands of a man 
accustomed to gasholders, can reveal the internal condition 
of the sheets accurately. We in Birmingham have used 
such a tool extensively. Internal corrosion, if present, is 
generally most extensive alongside the laps of the sheets. 
The gasholder examiner in Birmingham first takes a ham- 
mer and taps lightly alongside the seams, by which means 
thin places may be indicated. Naturally, if corrosion is 
present, the worst needs to be revealed; you do not want 
to make the tests where the sheets are of full thickness, 
but you want to find the worst set of conditions and take 
the test there. The examiner then drills a small hole of 
‘s-in. diameter through the lap and inserts a retaining 
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wire and a “‘ keep,’’ which is used ultimately to recover 
the dise when cut out. The small hole is generally drijled 
through the lap at a distance of, say, *%-in. from the edves 
* the rivet heads. ‘That ensures that a portion of the 
lap of the sheet is cut out, and thus not only the corrosion 
alongside the lap, but the original internal surface ot 
the sheet is revealed. The painted tape used in const+uc- 
tion has protected the inner surface of the sheet in the 
joint, so that the inspection reveals the original surfac» of 
the metal as it was when erected and the deteriorated <ur- 
face away from the joint, where deterioration may be jue 
to corrosion. The disc, when recovered, may be examined, 
calipered, given an identification mark and kept as a 
permanent record. Experience at Birmingham shows that 
internal corrosion is usually worst alongside the raiial 
seams of the crown. As the Report indicates, discs should 
be taken from the circumferential seams of the crown, and 
also from the vertical and horizontal seams of the side 
sheeting. 


Exeggerated Publicity. 


Accidents to gasholders are of very rare occurrence, |ui 
when they do occur they are subjects for exaggerated pub- 
licity, which can do considerable incipient harm to the 
Industry. lf we exclude accidents to holders caused by 
entirely external events having nothing to do with the 
holders or their connections, then the possibilities of mis- 
hap when the authorities follow the recommendations of 
this Report closely are as remote as to be negligible. And, 
of course, this maintenance is well worth while. In Ap- 
pendix 8 [Voluntary rules to be observed in the repair of 
piston-type (waterless) gasholders], Rule 2 (e) states that 
an inert gas is a preferable alternative to air for the purg- 
ing of holders. The Committee has under consideration 
the question of purging gasholders with inert gas. In cer- 
tain circumstances, particularly in congested areas, or in 
positions where supervision by the gas-works staff cannot 
operate in all directions in the vicinity of the holder, it 
may be desirable to use an inert gas for purging. In 
Birmingham we have constructed an inert gas making 
plant which we have used on four occasions for purging 
gasholder crowns, and the operation has been completely 
successful. 

I strongly recommend that each one of us present does 
his utmost in his district to see that the recommendations 
of the Report are carried out fully, or in such a way as to 
meet every point requiring to be met under the special 
circumstances applying to any holder. 

Mr. R. Rosertson: There are two matters arising out 
of the Report upon which I should like to comment. The 
first is the desirability of every undertaking ensuring that 
its gasholders are kept in a satisfactory state of repair by 
arranging for periodic inspection on the lines laid down in 
the Report. 1 do not suppose for a moment that any of 
the undertakings represented here to-day have not already 
done so, but the fact that there is still a very large num- 
ber who have not done so is shown by the figures given in 
the first paragraph of the Committee’s recommendations. 
The very fact that as a machine the gasholder is so safe 
and so reliable and requires so little attention over long 
periods of time is in itself a source of danger, for the simple 
reason that users are liable to take for granted that that 
state of affairs will continue indefinitely. 

The reason why so many undertakings do not appear to 

carry out any regular system of inspection is probably the 

preliminary difficulty of evolving from the instructions a 
simple form of procedure which could be followed without 
too much work, particularly of the clerical character. For 
a large undertaking this does not present any difficulty, 
but in a small undertaking having a limited staff it may 
be sufficient to discourage making a start. I believe that 
a useful purpose would be served if the Committee could 
provide suitable forms, at a price, ready for the use of 
smaller undertakings. 

The other matter I should like to mention is the dis 
tinction which has to be made between the deterioration 
of the plates by corrosion from without and by embrittle- 
ment or fatigue in the fabric of the plate. Samples taken 
from gasholders erected, say, 40 years ago, will not stand 
up to the bending and tensile tests which it is now cus- 
tomary to apply to modern mild steel, and they were never 
designed to stand up to those tests. But instances can be 
quoted of such tests being recommended by contractors 
who have been called in to make official inspections, and 
the inference has been drawn from the results that the 
material has deteriorated internally, rendering the holder 
less safe than it was originally. I am not aware of any 
evidence that, over the period covered by the life of the 
older gasholders, this does take place to any appreciable 
extent. That the contrary is the case has been confirmed 
by competent metallurgists who have examined such 
samples and have reported that they represented materia! 
such as was available at the time they were designed and 
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that the strength of the material at that time was taken 
into account in the design. 

A matter not referred to in the Report, except by impli 
cation, and one to which attention might be drawn, is 
that the internal inspection recommended necessitates at 
least two gasholders; but unless it is assumed that a gas- 
holder is everlasting and will never need repairs, this seems 
a desirable precaution to take in any case. It may be a 
serious matter for some undertakings having only one gas- 
holder, but it should be faced. 


The Small Works. 


Mr. G. M. Gitx: I have read this gasholder Report with 
a great deal of interest, and while 1 think that it fairly 
represents the conditions in a large number of the big and 
well-managed undertakings, I do not think that some of 
the statements in it apply to the small works, the works 
that one never hears of, whose doings are never reported 
in the Technical Press and whose managements possibly 
never read the Technical Press. During the past four or 
five years I think I have written something like a thousand 
reports on gasholders, and with that experience I do not 
feel quite so happy as one ought to feel, perhaps, from a 
reading of the Report. I cannot think that the risk can 
be described as ‘‘ remote.’’ On a recent occasion, when 
examining a works, I came across an old holder that was 
built originally to throw 3-in. of pressure; the manage- 
ment wanted more pressure and had weighted it up to 
8-in. I should not be happy about that. Then I have 
come across five of the companies with which I am con- 
cerned sending out gas having sulphuretted hydrogen in 
it; probably they have been doing that for years. What- 
ever effect that has upon the inside of a holder, it cannot 
be a good effect. I am afraid that the Barrow holder is 
not the only one, and that there are others. The trouble 
is really to find them, and that is where I think inspection 
by competent examiners is necessary. The competent ex- 
aminers of holders must be climbers, of course. Not many 
of us could climb high gasholders, but there are such men, 
employed mainly by the gasholder firms and also by some 
of the large gas undertakings. You never come across 
them in the great majority of gas undertakings; I do not 
think many have competent staffs to carry out the very 
desirable inspection which the Committee recommends, so 
that they must go to the holder builders or to the insur- 
ance companies which employ such men. 

I do not wish to be considered an alarmist, and if I felt 
that gas undertakings would and could carry out the re- 
commendations made in the Report, everything would be 
right; but I do not feel that they can. They have not the 
knowledge; they do not know that these things exist. 

Mr. R. W. Hunter (Gas Light and Coke): In my own 
Company we are conforming as closely as possible to the 
system of inspection recorded and recommended in the 
Report, and we have been doing so for a considerable time. 
As a Company with many undertakings, to carry out such 
inspection in detail and in the systematic manner that is 
recommended in the Report is considered by us to be essen- 
tial to safety. It has frequently happened that where de- 
fects in a holder have manifested themselves as the result 
of our observation of the working from outside, and where 
we have had occasion to enter a holder to make an interna! 
examination, we have found conditions which could not be 
suspected from any actual working observations. Where 
such internal examinations are very difficult, we feel that 
this method of cutting discs provides a very convenient 
and cheap method of ascertaining the condition of the 
sheeting as regards corrosion, and from it can be deduced 
the probable condition of the trussing and other internal 
parts. Although we have over 80 holders in the Company, 
we have never had a failure due to weakness of structure, 
or corrosion. The Report emphasizes that, but neverthe- 
less we are convinced that it is only prudent, especially 
with ageing holders—and many of our holders are now 50 
years old—to ascertain their true condition. My deputy, 
Mr. Birks, is more competent than I to enter into the 
details of the tests; he has made a special study of the 
problem and has done very valuable work for us in fram- 
ing and applying the rules. 

Inasmuch as Mr. Tomlinson has referred to the purging 
of holders by means of inert gases in Birmingham, per- 
haps I might mention that we have done that also. We 
have a machine which we have used successfully on a num- 
ber of holders quite recently. That practice gives us a 
feeling of confidence, especially where holders are situated 
in congested areas, where they are surrounded by house 
property and that sort of thing, that no danger will be 
incurred, for at no time have we an explosive mixture in 
the holder. 

Mr. F. M. Brrxs (Gas Light and Coke): I came here 
only with the idea that if any criticism were offered to 
the Report I should be able to put forward suggestions 
as to why these various items were advanced by the 
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Committee. As there does not seem to be any criticism 
of the Report, I am afraid I really have nothing much to 
do, except that I must thank Mr. Hardie and Mr. Hunter 
for their very kind remarks; and I should like to add that 
such little work as I have done has been very interesting 
indeed. 


An Alarmist Attitude. 


Mr. C. S. SHaptey (Leeds): As a member of the Com- 
mittee, I cannot very well thank the Committee, includ- 
ing myself, for the excellent work that has been put in, 
but I do want to join issue with my friend, Mr. Gill. He 
adopts rather an alarmist attitude in regard to the con- 
dition of some holders. The work of the Gasholder Sub- 
Committee has been done because the Home Office has 
asked the Institution to look into this question. I think 
the Institution has satisfied the Home Office that there is 
no cause for alarm. 

With regard to the examination of gasholders, Mr. Gill 
has said that the examiners must be climbers. He says 
also that he has made a thousand reports on gasholders. 
I hope that he can climb—otherwise the reports will not 
be of very much use! There is very great difficulty in 
obtaining competent examiners, for there are not so many 
of them about. I have been in the Industry quite a few 
years and my knowledge is fairly wide, but if you asked me 
to name half a dozen or a dozen really competent gasholder 
inspectors I should have great difficulty in doing so, except 
where they exist in gas-works, who have plenty of com- 
petent examiners of gasholders. The fact that Mr. Hunter 
can say that he has 80 gasholders and does not need to 
worry about them is a great tribute to the Gas Industry 
in respect of the manner in which the gasholders are looked 
after. I do not say that perhaps in undertakings operat- 
ing in small country towns gasholders are not treated in 
the way that Mr. Gill has mentioned. It is ridiculous, of 
course, to weight gasholders in the manner suggested: 
there are cases in which even water tanks have been placed 
on top, and corrosion of the crown sheeting has resulted 
from placing those obstructions there. But I do not think 
we want to give it out that that is the general practice 
in the Gas Industry. We should be able to say to the 
country at large that, generally speaking, the gasholders 
at the gas-works are very adequately looked after and 
examined periodically. 


Internal Inspection Necessary. 


Mr. ArTHUR VALON (Westminster): Mr. Gill has said 
that he has seen a large number of holders and that some 
of them at all events were in a state which he thought 
was dangerous. I think he was speaking of the very small 
works, and I can bear out his words that in many cases 
the holders at the small works are allowed to get into a 
state such as no holder should be allowed to be in. Many 
holders have been in existence for 40 or 50 years and 
during that time have never been examined internally. 
The mild steel available 40 years ago was not what mild 
steel is to-day, and I am perfectly sure that every holder 
that has been in existence for 30 years or more ought 
to be inspected very carefully, not only externally (which 
is not infrequently done), but also thoroughly and com- 
pletely internally. Some have been dealt with, but in my 
experience a very large number of holders have never been 
inspected at all. After hearing Mr. Shapley, I do hope 
that the members will not go away with the idea that all is 
well with the holders, because they continue to work and 
because they appear, from the outside, to have been pro- 
perly maintained by being painted at regular intervals. 

Mr. Tuomas Harvie (Gas Light and Coke): I am very 
thankful to Mr. Tomlinson for having explained so fully 
the method of examining the thickness of the sheets with- 
out letting down the holders. One speaker has suggested 
that it is necessary to have two holders if the recommenda- 
tions of the Committee are carried out. But that is exactly 
what we have been endeavouring to overcome. So long 
as the test shows that the holder sheeting is in good condi- 
tion there is no need to open that holder, which necessi- 
tates putting it out of action; until it has to be put out of 
action you can avoid the provision of a second holder. I 
agree that it is much better to have two holders than to 
have only one, because then, if anything goes wrong with 
one of them, you can examine it and get at the trouble at 
once. We have not made arrangements to overcome 
troubles due to Acts of God; neither have we made any 
arrangements to overcome troubles arising from neglect in 
the operation of holders. Many recent accidents have been 
due to wrong operation, not so much in regard to the 
actual movement or the construction or strength of the 
holders, but in regard to the operation of the valves or 
pumping plants or something of that sort connected with 
the holders. 

Reference has been made by Mr. Gill to what is a some- 
what common idea among a number of people—mostly 
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people outside the Industry, I think. I have seen a very 
large number of small holders, and to those who have small 
holders I should say there is no reason why a small holder 
should be in any worse condition than a large one. A 
large Company can have small holders, and we have still 
quite a number of small holders which are very old. In- 
ternal troubles are due generally to bad gas, and I am 
afraid that such troubles sometimes occur in small under- 
takings, where the control is not so accurate as in larger 
undertakings. But the small undertakings are generally 
advised by consulting engineers; I hope that they will 
continue to secure such advice and that the consulting 
engineers will see that the holders are maintained in ac- 
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I. INTRODUCTION. 


A general reduction of the sulphur content of town gas 
to about 10 gr. per 100 cu.ft. throughout the Gas Industry 
would be directly beneficial to the consumer in many ways, 
notably in reducing corrosion of heating appliances, in 
enabling flueless appliances to be more generally used 
without nuisance from the smell of sulphur oxides, and 
in improving furnace atmospheres in the heat treatment 
and more particularly the bright annealing of metals. 
These benefits would lead to an increased popularity and 
more widespread use of gas. 


II. PROCESSES FOR REMOVING ORGANIC 
SULPHUR COMPOUNDS. 


1. Removat or OrGanic SULPHUR COMPOUNDS DURING 
BENZOLE EXTRACTION. 


(a) Oil Washing Process. 


It is well known that in the oil washing process for the 
extraction of benzole from gas some of the organic sulphur 
compounds are simultaneously removed. 

A consideration of vapour pressures indicates that, at 
about 20° C., the circulation of 8 gall. of solvent (gas oil) 
per 1,000 cu.ft. of gas should suffice for the absorption of 
benzene and of all the thiophen and its higher homologues, 
whilst for the complete extraction of carbon disulphide a 
circulation of 32 gall. of solvent per 1,000 cu.ft. of gas 
would be needed. With a circulation of 8 gall. per 1,000 
cu.ft. of gas the extraction of organic sulphur compounds 
(comprising 80 per cent. carbon disulphide and 20 per 
cent. thiophen) should be :— 

Carbon disulphide- 

25 per cent. of 80 per cent. 

Thiophen— 

100 per cent. of 20 percent. . 


= 20 per cent. of total 


. = 20 per cent. of total 





Total extraction of sulphur compounds = 40 per cent. 


In practice it is found that, when circulating about 8 
gall. of oil per 1,000 cu.ft. of gas in the benzole extraction 
plant, the organic sulphur content of the gas can be re- 
duced by nearly 40 per cent. (e.g., from 32 gr. to 19 gr. 
per 100 cu.ft.). At one Works, at which a larger quantity 
of oil was circulated, a 60 per cent. reduction (from 32 gr. 
to 13 gr. per 100 cu.ft.) was obtained. A still greater oil 
circulation would be required to reduce the sulphur con- 
tent down to 10 gr. per 100 cu.ft. 

The cost of extracting up to 40 per cent. of the sulphur 
by the normal oil washing process for benzole extraction 
may generally be regarded as negative, in view of the 
profit on the sale of benzole at the present time.’ To 
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cordance with the recommendations of our Gasholder (om. 
mittee. If that is done there need be no trouble whatever. 

I hope the discussion on the Report will have the effec, 
of bringing to the notice of the 50 per cent. of gas-works 
which are not making systematic records of inspections oy 
are not making inspections at all the necessity for puiting 
this in hand at oncc. Failure to do so throws discredit \:pon 
the Industry as a whole. We in this country have een 
remarkably free from accidents, but accidents which 
occur on the Continent and even in the Far East are ised 
in an endeavour to throw discredit upon our work jn 
this country. So let us maintain our high standing by 
the thorough maintenance of our holders. ; 


attain a reduction of 70 per cent. (down to 10 gr. per 100 
cu.ft.), however, would require such large volumes of cir- 
culating oil that the consumption of steam in the normal 
process would be excessive. 

A modification of the oil washing process has recently 
been developed by the Gas Light and Coke Company (Brit. 
Pat. 443,094), wherein the quantity of wash oil used is of 
the order of at least 20 gall. per 1,000 cu.ft. of gas but an 
excessive steam consumption is obviated by stripping the 
wash oil by distillation with direct steam at a reduced 
pressure (e.g., below 500 mm. and preferably at about 
200 mm. of mercury) and a temperature of about 75° C, 






































HOURS FROM START OF SATURATION 


Figure 1.—Variation of Sulphur in Gas at Outlet of Active 


Carbon Adsorber During Saturation. 


The process removes about 80 per cent. of the benzole and 
80 to 85 per cent. of the organic sulphur, leaving, for ex- 
ample, about 5 to 6 gr. of sulphur per 100 cu.ft. (mainly 
as carbon disulphide). 


(b) Active Carbon Process. 


The active carbon process of benzole recovery is more 
efficient than the normal oil washing process in respect 
of removal of sulphur compounds from gas. The results of 
a series of tests made upon the gas issuing from one of 
the units of an active carbon plant are shown in Figure 1. 
It is seen that, in the early part of the adsorption period 
practically the whole of both the thiophen and the carbon 
disulphide is removed, but as saturation of the carbon is 
approached the more volatile compounds (e.g., carbon di- 
sulphide) are displaced, the average efficiency of adsorp- 
tion of sulphur compounds from the gas depending upon 
the operating cycle (vide H. Hollings and S. Hay, The 
Recovery of Benzole by Active Carbon, Chemistry and In- 
dustry, 1934, p. 143). For example, over a period of 6 
months’ continuous working at the Beckton plant of the 
Gas Light and Coke Company the sulphur content of the 
gas was reduced from 30°5 gr. per 100 cu.ft. at the inlet 
to 61 gr. at the outlet, representing an extraction effi- 
ciency of 80 per cent., the residual sulphur in the gas being 
mainly in the form of carbon disulphide. 

With regard to the actual cost of extracting up to 80 per 
cent. of the sulphur compounds by the active carbon pro- 
cess of benzole extraction, it may be stated that this 
again is generally negative, in view of the profit on the 
sale of benzole at the present time. 


(c) Implications of Processes involving Benzole 
Extraction. 
An obstacle in the way of greater sulphur removal by 


processes involving benzole extraction is usually the ac- 
companying necessity for modifying existing arrangements 
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respecting the calorific value of the gas, or purchases of 
woal and oil, or sales of coke. 

If a Gas Undertaking equipped with carburetted water 
vas and coal gas plant decides to adopt a process of benzole 
extraction without alteration of the calorific value of the 
gas, the immediate physical consequences are either that 
more oil must be used for the purpose of enrichment or, 
alternatively, that a lower proportion of water gas must 
be made, which will necessitate the purchase of a larger 
tonnage of coal and the sale of a larger tonnage of coke. The 
position may be stated in what appears to be the simplest 
possible way in the chart given in Figure 2, which shows 
the relationship between the quantities of coal and oil used 
in the manufacture of a unit of one mill. cu.ft. of gas with 
a calorific value of 500 B.Th.U. per cu.ft. and also the net 
quantities of coke produced after allowing for the coke 
used in water gas manufacture.* The lowest line of each 
of the two sets represents the relationship which exists 
when no benzole is extracted. 

Thus, for example, the unit of gas may be made by 
using 50°5 tons of coal and 400 gall. of gas oil in which 
case there will be 26°5 tons of coke to be sold. Then, if it 
is decided to extract 3 gall. of benzole per ton of coal it 
will be necessary either to purchase 600 gall. of oil instead 
of 400 gall., or to purchase 58'0 tons of coal instead of 50°5 
tons, and to sell 33°0 tons instead of 26°5 tons of coke. 
The large increase in the coke quantity relative to the 
increase in the coal consumption is, of course, the result 
of the variation in the coal gas/ water gas ratio, which is 
i anes necessary to maintain the standard calorific 
value. 
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Ficure 2.— The Effect of Benzole Extraction upon the Quantities 
of Coal and of Gas Oil used and upon the Quantity of Net 
Coke produced. 


The two methods of adjusting procedure which have just 
been indicated represent the limiting effects upon_ the 
quantities of either coal and coke, or oil involved. Other 
values may be found within the triangles represented by 
an exainple such as that quoted. It will be apparent also 
that the chart gives similar information in respect of the 
extraction of smaller quantities of benzole. The points on 
the vertical co-ordinate represent the relationship when a 
mixture of coal gas and blue water gas is made, which is 
the condition under which the greatest adjustment of coal 
and coke quantities becomes necessary. 

It has been assumed in the foregoing that the Gas Under- 
taking has available carburetted water gas plant as well 


* Figure 2 is strictly correct only when the calorific value of the final gas 
(the declared calorific value) is 500 B.Th.U. per cu.ft. and when the inert 
constituents of the gas remain constant at 11 per cent. 
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as carbonizing plant. In some instances it may be that 
carbonizing plant only is available, in which case the 
adoption of benzole extraction might necessitate a reduc- 
tion in the declared calorific value of the gas, or a reduc- 
tion in the amount of steam admitted to the coal charge 
during carbonization. In any case, there would be more 
coke available for sale per unit of gas sold. 


2. Removat or OrGANIc SULPHUR COMPOUNDS BY THE 
Catratytic Process OF THE SOUTH METROPOLITAN 
Gas ComMPANy. 


When coal gas is passed over finely divided metallic 
nickel] heated to about 400° C. a reaction between carbon 
disulphide and hydrogen is catalysed by the nickel, result- 
ing in the replacement of the carbon disulphide by its 
equivalent of hydrogen sulphide. This reaction forms the 
basis of the catalytic process of the South Metropolitan 
Gas Company. (Vide C. Carpenter, The Purification of 
Gas by Heat, Trans.Inst.Gas Engr., 1914, p. 183; E. V. 
Evaris, The Removal of Carbon Bi-sulphide from Coal Gas, 
J.S.C.1., 1915, p. 9; E. V. Evans and H. Stanier, Sulphur 
Studies in Coal Gas. I. The Removal of Carbon Bi-sul- 
phide by a Nickel Catalyst, Proc.Roy.Soc., 1924, 105, A, 
p. 626. 

Plants of the original design have operated successfully 
for a number of years. Experience has shown, however, 
that certain modifications are desirable. For example, de- 
position upon the catalyst of ‘‘ carbon ”’ from the gas has 
been greatly reduced by the use of a lower reaction tem- 
perature and a catalyst of increased activity. 

Investigations with such a catalyst have shown that the 
removal of carbon disulphide from coal gas can be carried 
out efficiently and continuously at a temperature of 
300° C. for several months without any aeration being 
necessary. 

The cost of operating the catalytic process varies to 
some extent with the size of the plant employed, but the 
following figures representing the average cost of the pro- 
cess of the South Metropolitan Gas Company over a period 
of years may be quoted :— 


Fuel (coke) . 0'0256d. per therm 





Wages (se ss « 7 

—_. ane - 

Repairs and maintenance 0°0267d. “a 
Total... .. . o°o7798. * 


During this period the carbon disulphide content of the 
gas was reduced to 2 gr. per 100 cu.ft., which, added ta 
the true organic sulphur compounds, which were not re- 
moved by the process, made a total of about 9-10 gr. of 
sulphur per 100 cu.ft. of treated gas. 

It will be observed that the two heaviest charges are 
for Fuel and Repairs and Maintenance, and it is antici- 
pated that, if the development of ‘‘ promoted ”’ catalysts 
enables the process to be conducted at a lower tempera- 
ture, both these items will be appreciably reduced. 

The removal of hydrogen sulphide formed in the process 
has not involved any appreciable extra cost, owing to the 
fact that it is the normal practice of the above Company 
to operate two catch boxes after the four primary puri- 
fiers and these catch boxes have served adequately as 
secondary purifiers besides performing their normal func- 
tion. In cases where such catch boxes do not exist there 
would be an additional cost, unless existing primary puri- 
fiers could be converted to this purpose. 


8. OrHEeR PROCESSES. 


The information given in Sections 1 and 2 is the result 
of first-hand experience of the processes described. 

Reference may be made to other processes for which 
claims have been made :— 


(i) Process of the Non-Poisonous Gas Holding Company, 
Limited. 


This process is intended primarily for the removal of 
carbon monoxide from town gas and has been operated 
on a large experimental scale for over a year in Germany 
(vide W. Bertelsmann, The Detoxification of Town Gas, 
Gas Journal, 1935, 210, p. 815). The gas to be treated, 
after saturation with water vapour, is passed over an iron 
catalyst at 380°-400° C., where the carbon monoxide and 
water vapour react to form carbon dioxide and hydrogen. 
At the same time the carbon disulphide is said to be con- 
verted into hydrogen sulphide, whilst thiophen remains un- 
changed. A reduction of about 80 per cent. in the organic 
sulphur content of the gas is claimed. : : : 

This process has, however, a number of serious implica- 
tions, both economic and technical, and its introduction 
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for the main purpose of reducing the organic sulphur con- 
tent of gas is hardly to be anticipated. 


(ii) Process of Robinson Bindley Processes, Limited. 

This process, which is being investigated on an experi- 
mental scale, consists in passing the gas over a catalyst con- 
taining lead and copper at a temperature of 370°-400° C. 
(vide A. Aicher, W. Myddleton, and J. Walker, The Pro- 
duction of Hydrocarbon Oils from Industrial Gases; Part 1, 
J.S.C.1., 1935, 313 T). It is stated that the carbon disul- 
phide is converted into hydrogen sulphide, which is then 
removed in the usual way. 


(iii) Process of H. Rostin. 

In this process (vide Brit.Pat., No. 378,437; Process for 
Purifying, Reducing, and/or Desulphurizing Carbon Com- 
pounds), the gas, freed from hydrogen sulphide, is passed 
over a reduced iron catalyst at about 200-300° C., whereby 


oe yes of organic sulphur is said to be greatly re- 
ducec 


(iv) Process of the 
A.G. 
It is claimed that organic sulphur compounds can be 


removed virtually completely by washing the gas at about 
0° C. with a suitable oil of relatively low molecular weight. 


Gesellschaft fiir Linde’s Eismaschinen 


(v) Process of the Studien- und Verwertungsgesellschaft 
m.b.H., of Miilheim-Ruhr, Germany. 

This ‘‘ Process for Desulphurizing Gases,’’ for which Pro- 
visional Patents (Nos. 2,006 and 29,953, of 1935) have been 
taken out, involves, in the case of coal gas, partial desul- 
phurization by a catalytic process at a temperature ex- 
ceeding 300° C., for the conversion of resistant sulphur 
compounds into other organic or inorganic compounds 
which are then removed at a relatively low temperature 
by a suitable absorbent, such as an intimate mixture of 
an alkali carbonate (at least 10 per cent.) and reactive 
oxides of iron. 

It is claimed that organic sulphur compounds are hereby 
virtually completely removed. 

Ill. CONCLUSIONS. 

(1) Processes already exist whereby the sulphur content 
of town gas can be reduced to 10 gr. per 160 cu.ft. 
Two of these processes, in particular, namely, the 
the active carbon process for benzole extraction 
operated by the Gas Light and Coke Company, 
which removes the thiophen and some of the carbon 
disulphide, and the catalytic process of the South 
Metropolitan Gas Company, which removes the car- 
bon disulphide and little of the thiophen, have been 
thoroughly tested and proved successful in large- 
scale operation over prolonged periods. 

(2) A modification of the normal oil wasning process for 
benzole extraction has been developed by the Gas 
Light and Coke Company whereby the sulphur con- 
tent of town gas should be economically reducible to 
less than 10 gr. per 100 cu.ft. 

(3) Virtually complete removal of sulphur from town 
gas should be attainable by combining in series the 
oil washing or active carbon process with the 
catalytic process, or by operating the active carbon 
process with a reduced adsorption period (vide 
Figure 1). In either case, however, increased 
operation costs would be involved. 

(4) An all-round reduction of the sulphur content of 
town gas to 10 gr. per 100 cu.ft. would represent an 
immediate advance which is both possible and 
strongly to be recommended. 


Mr. E. V. Evans presented this Report. 


Discussion. 


Mr. E. V. Evans (South Metropolitan): There is, to-day, 
a general consensus of opinion on the desirability of 
supplying gas with as low a sulphur content as is economi- 

cally possible. I reported to you earlier in these proceed- 
ings that the Joint Research Committee believed a useful 
purpose would be served by stating in the form of a com- 
munication the methods ‘available to gas undertakings 
which desire to reduce the sulphur content of gas. 

One of your managerial bodies has chosen me to present 
this communication to you in abstract form, and I cannot 
refrain from reminding you that my Chief, Dr. Charles 
Carpenter, addressed the Institution twenty-two years ago 
upon ‘‘ The Purification of Gas by Heat.’’ At the con- 
clusion of the lecture admiration was expressed at the 
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ingenuity and skill shown by Dr. Carpenter in this maiter, 
but the various speakers suggested that after all it was 
rather unnecessary. One Kongineer thought that‘ the 
presence of 3U or 40 grains of sulphur per 100 cu.ft. would 
still leave the gas fit for a lady’s boudoir,’”’ and another 
remarked that although a Mr. Bowditch had proposed a 
method of removing sulphur many years previously, it 
should be remembered that he was a parson and that it 
was his business to preach against brimstone. Dr. Car- 
penter’s reply was to urge the Industry to look at the 
matter from the point of view of those immediately con- 
cerned with the sale of gas, and to do all within its power 
to take out the whole of the sulphur compounds. he 
justification of his attitude is to be found in the research 
Papers presented to the Institution in recent years and 
in the opinions expressed by many of our leading gas 
technicians of to-day. The process which Dr. Carpenter 
described in 1914 is operating successfully at the present 
moment. It has been modified slightly as the result of 
many years of experience, and is described in this Report. 

For those works which are able to remove benzole from 
their gas without having to readjust consumers’ appli- 
ances, two methods of reducing the sulphur content of the 
gas, without incurring additional charges, are available. 
Although these two processes—oil washing and adsorption 
by active carbon—have been described in detail elsewhere, 
they have not hitherto been compared on the merits of 
sulphur removal. Mr. Hollings from his experience has 
provided information regarding the  sulphur-reducing 
ability of both methods and has constructed a table which 
facilitates calculations as to the increased amounts of coal, 
coke, and oil involved when benzole recovery is practised. 
The oil washing process can be applied to gas containing 
hydrogen sulphiae as well as to purified gas and where 
the layout of the works is such that there is no space for 
additional plant on the outlet of the purifiers, this may be 
the decicing factor in the choice of process. The Report 
shows, however, that the normal oil washing process fails 
to reduce the sulphur content to the desired maximum of 
10 grains per 100 cu.ft., but of particular interest is the 
method recently developed whereby the sulphur content 
of the gas is reduced to 5 or 6 grains per 100 cu.ft. In 
this process the quantity of washing oil used is about two 
and a half times greater than is normally the case and 
the cost of distilling the oil is kept low by steam distillation 
at reduced pressure. The active carbon process has the 
advantage of giving a gas with an appreciably lower sulphur 
content than the normal oil washing process, but can be 
used only with purified gas. The disposal of the higher per- 
centage of sulphur compounds in the benzole from active 

carbon plants presents a problem of some difficulty. 

The residual sulphur compounds remaining after the oil 
washing and activated carbon processes consist mainly of 

carbon disulphide, thiophene being completely removed. 
the case of the catalytic process, thiophene being par- 
ticularly resistant to chemical change is the main con- 
stituent of the sulphur compounds remaining in the treated 
gas. 

Processes already exist whereby the sulphur content of 
town gas may be reduced to 10 grains per 100 cu.ft., and 
in the communication the opinion is expressed that an all 
round reduction of sulphur compounds to this extent would 
represent an immediate advance which is strongly to be 
recommended. 


Lower Still. 


Dr. Harotp Harttey (Radiation Ltd.): I do not 
think that a 10-grain limit will be really satisfactory. 
I understand, from what Mr. Evans has said, that you are 
largely converted; but do go a little further than 10 grains! 
Perhaps the Authors of the Report themselves really agree 
with me that we want to go lower than 10 grains, and they 
may think that unless they can first get us over the 10- 
grain hurdle they will not get anything done. 

If you heat a room by means of a gas fire—a flued appli- 
ance—you render available to the consumer some 50 per 
cent. of the ene rgy available in the gas. If, on the other 
hand, you can burn gas fluelessly for ~ heating of a room 
you render available to the consumer 90 per cent, of the 
energy of the gas. That is equivalent to reducing the 
price of the gas from 9d. to 5d. per therm, and you 
can do that without troublesome interference from the out- 
side. You would not have to worry any more about the 
living room which had not a chimney; if the authorities 
continued to allow the erection of such buildings it would 
not matter to the Gas Industry. Mr. Evans has men- 
tioned a process which has been worked out by the Gas 
Light and Coke Company’s staff and which holds out 
the possibility of getting down to 5 or 6 grains per 100 
cu.ft. without danger or without the likelihood of intro- 
ducing economic difficulties. Salespeople to-day are com- 
pelled by force of circumstances to advocate the use of flue- 
less appliances, and I do not think the Industry is really 
ready for the wholesale supply of flueless apparatus. I do 
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not mean to say that we have not apparatus available, for 
eee | is quite a lot of apparatus which is quite good; but 
to-day, in order to justify the use of such appliances, argu- 
ments have to be advanced which I regard as somewhat 
We have to say that, of course, a certain pro- 


specious. 

portion of these sulphur oxides are removed by the 
whitewash or the wallpaper. But suppose whitewash and 
wallpaper are no longer in fashion! Are you going to be 
¥ to retain the load for heating rooms in the West End 
of London if you continue to supply a gas giving ap- 
precial ible quantities of sulphur dioxide and sulphur tri- 
oxide? Mr. Evans has reminded us that it was 22 years 
ago when Dr. Carpenter read the Paper which has been 
referred to. Why is it that in the intervening 22 years we 


have not advanced further? I am sure it is because we 
have not really appreciated the importance of getting rid 
of sulphur. It is a fact that so far as the domestic field 
is concerned the scope for gas heating would be very much 
widened if we could burn the gas fluelessly. I have said 
previously, at one of the meetings of this Institution, that 
with a 20-grain gas you could only justify burning 1 cu.ft. 
in 150 cu.ft. of space on the assumption that part of the 
sulphur products are removed; that is, of course, with 
only one air change per hour. There is really not a gas 
in the country which can be used for flueless heating with- 
out some removal of such sulphur products after they are 
formed. Perhaps I should not say gas which can be used, 
but gas which ought to be used. 

I want_to read an excerpt from a Paper published by 
the late Professor Haldane in the Journal of Hygiene in 
1903. The Paper was entitled ‘‘ The Relation of Sulphur 
in Lighting Gas to Air Vitiation.’’ With reference to the 
sulphur he wrote: ‘‘ Were it possible to remove the whole 
there would apparently be no objection whatever to using 
gas perfectly freely for both heating and illuminating pur- 
poses in any ordinary room and allowing the products of 
combustion to escape into the room. With a clean paraffin 
lamp burning good oil I have found that the air of a room 
was not noticeably unpleasant, apart from the heat, even 
when the carbon deposit had risen to 75 volumes per. 10,000. 
With the Oxford gas, on the other hand, the air was dis- 
tinctly unpleasant when vitiated to the extent of 30-40 
volumes of carbon dioxide, and very unpleasant when 
vitiated to 60 volumes. The small quantity (8 or 9 grains 
per 100 cu.ft.) of sulphur in the gas was evidently re- 
sponsible for the difference.”’ 

In the same Paper he gives as the first of his conclusions 
the following: ‘‘ The unpleasantness of air vitiated by the 
products of combustion of lighting gas is due to the pre- 
sence of sulphur in the gas, and varies in proportion to the 
amount of sulphur.”’ 

These conclusions of the late Professor Haldane are con- 
firmed by present-day knowledge of the sensitivity of the 
human being to sulphur dioxide and sulphur trioxide. 


A Plea for Action. 


Mr. Dean CHANDLER (South Metropolitan): The atten- 
tion which is now being given to the elimination of sulphur 
from coal gas is very encouraging. I can only hope that 
the Report which has now been presented to this Institu- 
tion will result in some definite action being taken without 
undue delay to achieve throughout the Industry the 
elimination of sulphur. 

It cannot be disputed that although the amount of sul- 
phur products in the atmosphere in rooms in which gas 
is being burned is extremely small and quite harmless to 
health, it is nevertheless true that, even in such small 
quantity, their mere presence is against the best interests 
of the Gas Industry. When I first entered the service 
of the South Metropolitan Gas Company, gas had to be 
supplied to the public containing not more than 20 grains 
of sulphur per 100 cu.ft. of gas, and the greatest care was 
taken to ensure that that amount was not exceeded. Many 
of the members of this Institution will remember that 
there was a penalty attached to the Sulphur Clause. I well 
remember that tests were made every hour at the works 
to check constantly the sulphur content of the gas leaving 
the purifiers. Those were the days of lime purification, 
and I recall that it was one of my duties to send to my 
chief every three hours a detailed report concerning the 
state of the purifying system in respect of the sulphur 
compounds. At that time the purification of gas from 
sulohur was considered by most gas engineers to be essen- 
tial. This was largely due to the fact that most people 
used gas in their homes for lighting, and the light was 
obtained by burning gas with a luminous flame. Then, on 
the average, a light value of about 4 to 6 candles ner cu.ft. 
of gas was obtained, and in order to get anything like 
sufficient illumination, it was necessary to burn gas at the 
rate of 15 to 20 cu.ft. per hour, and sometimes much more. 
Under those conditions the presence of sulphur in the gas 
could not be tolerated. Then the incandescent mantle 
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made it possible to obtain the same amount of illumination 
by burning a little more than a quarter of the volume of 
gas. This fact provided the ground for the abolition of 
the obligation on the part of the gas undertaking to reduce 
the sulphur content of the gas to the prescribed limit. 

The point that I wish to make is that in those days 
there was not available the numerous portable flueless ap- 
pliances which are now becoming so popular with the 
public. With the use of these, the gas consumption is now 
increasing in the homes of the people, and the conditions of 
30 years ago when 15 to 20 cu.ft. of gas per hour were 
consumed in a room are again becoming ¢ommon. 

The important task of the Gas Industry to-day is to 
deal with this matter of purification from sulphur with as 
little delay as possible. 

In conclusion I would remind you that 22 years ago 
Dr. Carpenter, “oe the members of this Institution 
at Liverpool, said, ‘‘ I urge you to look at this matter from 
the point of view of those who are immediately concerned 
with the sale of gas. I think we engineers have in the 

past—I make confession for myself, at any rate—been too 
wholly governed by the requirements within our Works. 
I think we require to give a much more open ear in the 
future than we have done in the past to what those who 
have to sell our gas have to tell us of what the users 
have to say about it. And that is the reason why we 
turned our attention in the way we have done to seeking 
means for the elimination of sulphur compounds. My be- 
lief is that the day will come when this ideal will be re- 
suscitated, when the ideal illuminant will be a flame burn- 
Ing in each room—a miniature sun, if you willl—the pro- 
ducts of combustion being only water and carbonic acid.” 


Sulphur and Glass. 


Mr. H. E. Broor (York): After the institution of benzole 
washing we found our sulphur compounds were reduced; 
on taking out an average of 2°3 gallons of benzole per ton 
of coal we reduced by 14 per cent. on the average. A 

rather interesting point arose as a result of that reduction. 

It is apparent that Mr. Dean Chandler’s remarks were 
directed largely to the point that the concentration of 
sulphur is important. The importance of sulphur in the 
gas was held to have been greatly reduced when it was 
found that we could get an adequate light with a reduced 
quantity of gas. The figure that you are going to regard 
as your limit is, therefore, very important, and I suggest 
that we ought to investigate the point raised by Dr. 
Hartley when he challenged the figure of 10 grains. At 
one time, in York, I had in mind the sulphur content of 
the gas ina specific sense, in connection with the creation 
of bloom on glass. There is in York a large glass works 
which uses gas for melting the rim of the glass, and a 
bloom was formed upon that glass. It is a fact of most 
extraordinary importance, I suggest, that the reduction 
of the sulphur compounds in the gas has entirely removed 
that particular trouble. So far as the York Glass Com- 
pany is concerned, therefore, the York gas is now perfect; 
the product is also perfect. 

It is apparent that if increased corrosion takes place 
there is a limiting point there, and that some sulphur con- 
tent which would carry appliances from one routine in- 
spection to another without calling for special attention 
would be, from the maintenance engine er’s point of view, 
another limiting point. I cannot give you quantitatively 
any record of the effect of our modest reduction of sulphur 
compounds, but I am able to say, beyond any doubt what- 
ever, that the maintenance of appliances has been very 
much facilitated and there is an unquestioned reduction 
in the amount of deposit in the water-heating appliances 
in particular. I would venture to suggest that it might 
be worth while to endeavour to arrive at the actual quanti- 
tative effect on the district in that particular sense. 

When, however, we come to the question of burning gas 
fluelessly it becomes again of vital importance to know if 
there is a limiting point in that respect also. It is quite 
clear that if anything short of the complete removal of 
sulphur will render it impossible for a sensitive person to 
detect that gas is burning in an apartment in sufficient 
quantity to heat that apartment, that point again would 
be a limiting point, and it might be within our reach. I 
had rather hoped to learn that the 10-grain point at which 
you were aiming had been established as satisfying that 
requirement. In other words, that given a room of a 
certain size, you could burn a sufficient quantity of gas to 
heat it, allowing the products to come into the room, the 
resulting atmosphere having a concentration of sulphur 
products below the capacity of the human body to ap- 
preciate. But I gather from Dr. Hartley’s remarks that 
that is definitely not the case. If 3 or 4 or 5 grains per 
100 cu.ft. is the point to aim at to achieve that result, it 
seems to me vital that we should know, and I do suggest 
that to that extent sulphur must go. We have a very 
strong impression that sulphuretted hydrogen must go, 
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and the Referees have told us how far it has to go. I 
should like some Referees to tell us how far sulphur has to 
go, and then we shall have something definite to aim at. 
Suppose the limit should be 3 grains per 100 cu.ft., some- 
thing radical has to be done. I should like to know what 
we ought to be aiming at. 


Pottery Firing. 

Mr. A. Mackay (Stoke-on-Trent): I wish specially to 
seek a reduction of the sulphur in gas from the point of 
view of pottery firing. Mr. Green has told us that the 
elimination of ‘‘ saggars ”’ in connection with pottery firing 
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It is noted that the 60 per cent. removal is quoted for a 
works circulating a larger quantity of stripping oil, and 
80 per cent. when 20 gallons of oil per 1,000 cu.ft. are 
circulated. Referring to the results given for the six 
months ended Sept. 30, 1936, our final figure was 154 
grains per 100 cu.ft. or 45 per cent. removal. During 
this period 43 per cent. of the gas was subjected to ar oil 
circulation of 20 gallons per 1,000 cu.ft., and the remaining 
57 per cent. to 10 gallons per 1,000 cu.ft. te 

My object in submitting these results is to indicate that 
excessive oil washing, while producing maximum yields, 
does not appear in our case to bring about the percentage 
of sulphur removal claimed in the Communication. 























Sept. 30, 
1934- 
I 2 
Coal carbonized (tons), vertical 36,645 
” ” »  » horizontal 10,641 
Oil used, C.W.G. plant (galls.) 182,117 
C.W. gas made (1,000 cu.ft.) . 132,843 
Horizontal gas made (1,000 cu.ft.) 122,371 
Vertical gas made (1,000 cu.ft.) . 576,749 


Coke oven gas received (1,000 cu.ft.) . he Nil 


Crude benzole made (65's), (galls.) . 193,368 
Ditto per ton of coal (65's), (galls.) . . . 4°09 
Grains of sulphur compounds per 100 cu.ft. 21°8 
Oil circulation per 1,000 cu.ft. (ro galls.) . . . 10 
Percentage sulphur removal . . a oe ee 32 


could never be achieved. Perhaps it is necessary to ex- 
plain that a ‘‘ saggar”’ used in pottery manufacture is 
an oval-shaped fireclay receptacle, inside which the pottery 
ware is placed and sealed so that no gases can get to it, 
and it is heated purely by radiated heat. Each time the 
‘‘ saggars’”’ are used they are very much or quite de- 
stroyed, and the cost to the pottery manufacturer in that 
respect is very high. It was with a view to eliminating the 
use of “‘ saggars ”’ that I set to work on reducing the sul- 
phur in the gas, so that gas could be used to fire the ware 
in the ovens without any discoloration of the ware 
occurring. 

Some three years ago we commenced benzole extraction 
primarily as a commercial proposition, and secondly to 
obtain some benefit as regards naphthalene and organic 
sulphur reduction in the town gas. Our aim in attempting 
to obtain the maximum stripping efficiency was the ulti- 
mate lowering effect on the sulphur contained in the de- 
livered gas, to enable us to co-operate with the kiln 
designers in advocating to pottery and tile manufacturers 
the financial advantages which would accrue by the direct 
firing of their goods. The heat wastage due to the em- 
ployment of muffle ovens, ‘‘ saggars,’’ or other protective 
materials would be entirely eliminated by this method of 
heat application. These advantages were quite apparent 
to the manufacturers, but it was necessary for us to prove 
conclusively that a low sulphur content gas would have no 
deleterious effect on the various metallic oxides com- 
pounded in the glazes used for decorating purposes. The 
results have fully justified our efforts in this direction, 
and this new method of firing is now standard practice in 
one section of the ceramic industry. 

Since the inception of oil washing for benzole recovery 
we have adhered as nearly as possible to an oil circulation 
of 10 gallons per 1,000 cu.ft., obtaining yields equal to the 
highest obtainable under gas-works practice, and an ex- 
traction efficiency approaching 95 per cent. In view of 
these good results, which are appended herewith, it is diffi- 
cult to be altogether satisfied with the sulphur compounds 
extracted by my Department when they are compared 
with efficiency absorptions equal to 60 per cent. as quoted 
in the Communication. 





Siz Months Ended- 























March 31, Sept. 30, March 31, Sept. 30, 

1935. 1935. 1936. 1936. 

3 4 5 6 

39.997 35,312 36,128 18,700 
26,120 15,401 15,817 14,104 
298,883 231,629 Nil Nil 
184,196 133,570 os " 
300,207 175.553 185,533 183,046 
607,981 563,941 666,564 372,336 

Nil 17,821 350,890 426,510 
267,662 206,635 186,051 116,916 

4°05 4°07 3°60 3°57 
20°86 17°4 15°4 15°4 

oo se 29 per cent.—20 galls. |43 per cent.—20 galls. 

TE nn, IO os ST v2 10 

36 38 45 45 


Mr. T. H. Poutson (Stafford): May I put forward the 
views of an Engineer of a medium size undertaking? It 





is suggested in several places in the Report that benzole 
removal is a paying proposition. It may be so in certain 
circumstances, but I am of the opinion that those circum- 
stances do not prevail in the major number of gas-works, 
especially where vertical retorts are used in conjunction 
with high steaming, and where the calorific value of the 
gas is less than 460 B.Th.U. per cu.ft. It is stated that in 
order to extract the thiophen constituent of the sulphur 
compounds it is necessary to employ a benzole extraction 
process, using oil for washing, and thereby reducing the 
calorific value of the gas. I consider that we should con- 
tinue research and endeavour to find a wash oil which will 
absorb the sulphur compounds and leave the benzole in 
the gas. If that is found to be impracticable and benzole 
extraction necessary, then consideration should be given 
to the best method of enriching the gas at a later stage of 
manufacture. 

To me the report suggests that the present efficient sys 
tem of carbonization should be superseded by a costly, 
inefficient system in order to remove sulphur. Would it 
not be better to design a suitable sulphur removal process 
to suit the existing carbonizing plant, rather than to alter 
the present carbonizing plant to suit one known method 
of sulphur removal? 

am very grateful for the information regarding 
operating costs, and I should greatly appreciate some 
figures relating to capital cost; I realize that those figures 
would of necessity be very approximate only. 

It would be very interesting to hear if any research work 
has been done to ascertain whether the sulphur compounds 
are removed during the process of de-tarring in electro- 
static de-tarrers. It has been suggested to me that the 
removal of a small quantity might be effected thereby. 

May I say a word with regard to the term “ grains of 
sulphur per 100 cu.ft.’’? With the advent of a definite 
heating unit I consider that that term has become a mis- 
nomer, and that the amount should be expressed as 
** Grains per therm.’’ One would then gain a better idea 
of the composition of the products of combustion in rela- 
tion to the heat applied to any apparatus. 
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The Formation of 
Nitrogenous Gum 
during the Storage and 


Distribution of Gas 


By H. HOLLINGS, M.Sc., 
Chief Gas Chemist, The Gas Light and Coke Company 


Communication No. 147 


INTRODUCTION. 


During recent years it has been a matter of very general 
experience that there has been a marked decrease in the 
number of stoppages of gas service pipes and appliances, 
due to naphthalene, water or rust. Within the last few 
years, however, deposits of gummy material have been ob- 
served in appliances in certain areas. The complaints to 
which these gum deposits have given rise have been gener- 
ally far less numerous than the complaints which formerly 
resulted from naphthalene and other impurities, but the 
problem represented by the occurrence of gum is of par- 
ticular urgency to those Undertakings affected, because it 
is found that the gum is most likely to create a nuisance 
in some of the most modern types of appliances such as 
are used by the best customers. Pilot lights, fine adjust- 
ment valves, and governors are the most sensitive units. 

This Paper seeks to elucidate the occurrence of different 
concentrations of gum in gases, and is not concerned with 
the progress which has been made in the design of ap- 
pliances less susceptible to gum. All the available analyses 
indicate that the gums deposited from gases in England 
contain very much more than the trace of nitrogen as- 
sociated with the gum formed in some liquid motor fuels, 
or with the so-called “‘ liquid phase ’’ gum derived from 
rich carburetted water gas in America. For this reason 
the Paper is restricted to nitrogenous gum. It must be 
recognized, however, that some of the samples of gum 
examined may consist of mixtures of nitrogenous and of 
non-nitrogenous gums. The analyses reveal a fairly wide 
range of proportions of nitrogen, but it is believed that the 
variations noted are due in part to differences between the 
life histories of the specimens and to the variable absorp- 
tion of ammonia and pyridine. 

Particular attention is given to the possible influence of 
recent changes in Gas Works practice, such as the removal 
of naphthalene and water vapour from gas. It is obviously 
of primary importance to the investigator to establish how 
far any new phenomenon, such as that with which we are 
concerned, is due to a change in the gas or to some other 
change such as a new appliance, or to a new standard of 
performance demanded as a result of more intensive com- 
petition. 

At an early stage in our investigations, which began in 
January, 1932, the general occurrence of nitrogen in gum 
and the characteristic evolution of nitrogen peroxide on 
heating specimens of gum focussed attention upen the 
prior publications .of Pieters'* and of Berkhoff* who 
claimed that the formation of gum resulted from the inter- 
action of nitric oxide, oxygen and unsaturated hydro- 
carbons such as the conjugated diolefines cyclopentadiene 
and butadiene. A more detailed study of the mechanism 
of this reaction forms part of the present investigation. 

The earliest reference. to the occurrence of nitric oxide 
in coal gas (from coke ovens) appears to be that in a 
patent specification of 1926." At an early date Schuftan‘ 
also discovered nitric oxide in coke oven gas when investi- 
gating the deposition of gummy substances in a Linde 
liquefaction apparatus used for the separation of hydrogen 
from the gas. In 1932, Fulweiler® drew the distinction be- 
tween “ liquid phase ”’ and ‘‘ vapour phase ”’ gums, which 
is indicated above. A bibliography at the end of this Paper 
gives a comprehensive list of publications, to which refer- 
ence has been made in the course of this work. 

Before proceeding to a more detailed discussion, it will 
be convenient to give a brief outline of the formation of 
gum and to indicate the very small degree of concentration 
of impurities which may play a decisive rédle. 

So far as can be ascertained, all coal gas as normally 
manufactured in any type of oven or retort, and all car- 
buretted water gas, contain more than sufficient un- 
saturated hydrocarbons to react with all the nitric oxide 


. For literature references see Appendix. 
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found in the gas as normally made in well-conducted 
Works. The concentration of nitric oxide in the gas is 
found to be the all-important factor in determining 
whether or not the formation of gum is to be anticipated. 
Experience suggests that any concentration of nitric oxide 
in excess of 0°05 part per million of gas by volume may 
give rise to trouble. This represents a standard of purity 
thirty times as stringent as the statutory standard re- 
lating to hydrogen sulphide, and is not far above the limit 
of accuracy of the available methods of chemical analysis. 

Concentrations of suspended gum particles up to 20 
grains per million cubic feet of gas at the Works outlet do 
not appear to cause any appreciable trouble with present- 
day apparatus. With higher concentrations some difficulty 
may be experienced under certain circumstances. If the 
concentration reaches 100 grains more serious trouble may 
be anticipated. 

If a limit of 20 grains per million cubic feet be accepted, 
the detection of this amount, and of corresponding con- 
centrations of nitric oxide, calls for an entirely new 
technique in the testing of gas, as the quantities involved 
represent a very small fraction of the permitted concentra- 
tions of either naphthalene or water vapour. 

An important feature of the gum-forming reaction is 
that it usually takes place after the gas has passed the 
normal purification plant. The reaction is usually found 
to be in progress in storage holders and sometimes in the 
distribution mains. It is not certain whether the initial 
product is a true gas or not. If so, it has only a transient 
existence as such, for at an early stage suspended par- 
ticles of a viscous liquid appear in the gas. The smallest 
of these particles are only visible by means of the ultra- 
microscope, and are probably without effect on existing 
apparatus. With the ultramicroscope, particles having a 
diameter of 0°1 “ (0°0001 mm.) can be observed. There 
are, however, larger particles which represent the greater 
proportion by weight of the total. These range in size up 
to about 1°22. The circumstances which determine the 
mean size of the particles will be considered at some later 
date; the diameter of many is only 0°3 4, or say, one hun- 
dred thousandth of an inch. The largest particles settle 
fairly quickly under ordinary gas storage conditions, but 
many of the medium sized particles pass forward with the 
gas and are deposited in any narrow tube, such as that of 
a pilot light, or upon any surface, such as that of a 
governor, upon which the gas may impinge. Sometimes 
the deposit takes the form of a granular and relatively dry 
mass which is particularly obstructive in narrow passages, 
but more often the initial deposit takes the form of a very 
sticky brown film which gradually becomes darker in colour 
and harder in texture, presumably as a result of some 
secondary oxidation process. 

THE COMPOSITION OF GUM. 

The analyses of various samples of gum are given in 
Table 1, In obtaining these the micro methods of Pregl 
were used. Most of the samples were from film deposits 
on various large district governors and gas pumps. These 
varied from viscous liquids to brittle solids. Some heavy 
oil was removed from samples A, C, H, and J prior to 
analysis. Analysis showed that these oils contained much 
less oxygen and nitrogen than the gums. They were highly 
unsaturated, but on prolonged exposure to air gave only a 
little gum. 


TABLE 1.—Percentage Composition of Gum Samples. 














Oxygen, 

Sample. Carbon, Hydrogen. Nitrogen. Ash. &c., by 

| Difference. 

I 2 3 4 5 6 

A 60°4 7°97 4°0 3°! 24°8 
B 65°8 7°2 4°4 rs 21°4, 
Cc 680 7°6 4°8 Nil 19°6 
D 58°0 5°9 5°2 0'5 30°4 
E 57°00 6°3 50 o'7 31°0 
F 57°8 6°9 9°4 0's 25°4 
G 64°3 7°2 8°7 o°7 Ig‘! 
H 7q2°0 8°3 4°8 o'5 14°4 
J 70°7 7°7 4°3 o°7 16°6 
K 68°0 6°8 4°2 1°o 20°90 
L 64°8 8°6 6°0 o'2 20°4 
M 66°3 7°4 75 Nil 18°8 
N 53°8 7°4 5‘1 13°4 20°3 
oO 52°5 6'0 3°5 | 11'S 26°5 
P 60°3 6°2 4'8 | 8°4 20°3 
Qo 60°7 6°6 4°7 | o'9 27°1 
R 46°5 6°5 8'1 31 35°8 
S 26°7 4°1 6°2 50°9 12°! 


Samples N and O represent more granular forms of gum 
from consumers’ appliances, while sample S represents a 
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sticky powder from a district governor. The physical con- 
dition of these samples may be due to their high ash con- 
tents. Most of the ash is iron oxide. 

The calculated analyses of ash-free gum are given in 
Table 2. 


TABLE 2.— Percentage Composition of Ash-Free Gums. 


Oxygen, &c., by 











Sample. Carbon. Hydrogen. Nitrogen. Difference. 
I 2 3 4 5 
A 62°3 79 471 25°7 
B 66°6 7°3 4°5 21°6 
c 680 76 4°8 19°6 
D 58°3 5°9 5°2 30°6 
: 57°4 6°3 so | 31'3 
F 58°1 6°9 9°5 25°5 
G 64°8 7°2 8°8 di 
H 72°4 8°3 4°8 14°5 
J 71°2 7°8 4°3 | 16°7 
K 68°7 6'9 4°2 } 20°2 
L 65°0 8°6 6°'0 | 20°4 
M 66°3 7°4 7°5 18°8 
N 62°0 8°5 59 23°6 
Oo 59°3 6°8 4°0 29°9 
p 65°8 6°8 - i pads 
Q 61°3 6°6 4°8 27°3 
R 48°0 6°7 ne d- 
Ss 54°4 8°4 12°6 } 24°6 


Several preliminary analyses indicate that many of the 
samples contain about 1 per cent. of sulphur and that 
some of them contain traces of chlorine. At present no 
particular importance is attached to these constituents. 
In the foregoing tables they are included with the oxygen 
determined by difference. 

The high proportion of oxygen in all the samples is very 
striking, and in a private communication Sir Gilbert 
Morgan has drawn attention to the fact that certain 
analyses made in the Chemical Research Laboratory, 
Teddington, indicate the occurrence, in samples of gum 
supplied by the Gas Light and Coke Company, of a high 
proportion of inherent water. This is very interesting in 
view of the observations made later concerning the influ- 
ence of water upon the precipitation of gum. 

As already mentioned, the occurrence of nitrogen is 
characteristic. It is also characteristic of these gums that 
when they are heated, oxides of nitrogen, including nitro- 
gen peroxide, are evolved. The variations which have 
been observed in the total nitrogen content may be due, 
in part, to some such secondary decomposition of primary 
gum, for it has been noted that traces of nitric oxide may 
be evolved as a result of a rise in the atmospheric tempera- 
ture only. Ammonia and pyridine have been detected in 
some samples and may account for some of the high con- 
centrations of nitrogen. It is possible that some of the 
low concentrations may be due to the admixture of non- 
nitrogenous gum, but this has not been proved. 

It is a further characteristic of nitrogenous gum that the 
bulk of it is soluble in dilute caustic soda and may be re- 
precipitated on acidification. It is also freely soluble in 
acetone, but not in hydrocarbon solvents. 

In connection with the theory of gum formation, it is of 
interest to record that synthetic gums have been prepared 
from oils condensed from purified gas by refrigeration at 
temperatures from — 15° to — 19° C. When such oils were 
stored in an aineeliaie of oxygen for several months, only 
a trace of oxygen was absorbed and there was no gur: 
deposit. On the other hand, when a mixture of air and 
nitrogen peroxide was passed through the oils, gums were 
formed rapidly. The analyses of these gums were similar 
to those recorded in Table 2, and the other general pro- 
perties of the synthetic gums were similar to those of the 
natural product except for the absence of ash and sulphur. 

In the early stages of the investigation it was thought 
that hydrogen cyanide might play a part in gum forma- 
tion, but there is little support for this view. Only small 
amounts of gum were formed when the condensed oils 
from purified gas were treated with a mixture of air and 
hydrogen cyanide. These gums contained less than 1 per 
cent. of nitrogen and only about 10 per cent. of oxygen. 
They did not evolve nitrogen peroxide on heating. 


NITRIC OXIDE IN COAL GAS. 


The amount of gum which is formed in actual practice 
is small compared with that formed under the conditions 
of the laboratory experiments just outlined because normal 
gas contains an exceedingly low concentration of nitrogen 
peroxide and only a limited amount of nitric oxide. Three 
constituents of gas are involved in gum formation: un- 
saturated hydrocarbons, nitric oxide, and oxygen. Other 
constituents may exert an influence, thus specific ‘‘ active ”’ 
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hydrocarbons or derivatives of them (e.g., peroxides) | ay 
have an accelerating effect, or an unknown inhibitor ) jay 
be present. 

Gas containing no nitric oxide does not form vapour 
phase gum, whilst the hydrocarbons which can reac: to 
form gum are present in great excess in all types of «oal 
gas and carburetted water gas as normally manufactured, 
It appeared that the amount of nitric oxide present in ‘he 
gas was the first factor determining the amount of gum 
formed, and an examination of the possible sources of nitric 
oxide was made. 

Several Durham coals, including a weathered coal, were 
carbonized in a full scale horizontal retort in an experi- 
mental setting. Prior to the tests, the retorts were made 
as tight as possible. Each coal in turn was then carbonized 
with a pressure in the retort of 4/10 in. water gauge and 
the nitric oxide content: of the gas leaving the condensers 
was determined. 

The nitrogen content of the coal gas was less than } 
per cent., indicating an absence of inleakage of waste 
gases into the retort, whilst the average nitric oxide con- 
tent of the coal gas ranged from 0°26 p.p.m. to 0°80 p.p.m.,* 
as shown in Table 3. The concentrations of nitric oxide 
usually found in crude gas are higher than this range. 





TABLE 3. 
Coal. Nitric Oxide, P.P.M | Ny in Gas, Per Cent. 
I 2 | 3 
A 0°26 o°7-0'°8 
B 0°42 | 0°6-0°7 
0°89 | o'9 
Stored coal 0°33 o°8 


Most of the nitric oxide is liberated in the first two 
hours, a maximum concentration of about 4 p.p.m. being 
reached. At the seventh hour the gas is substantially free 
from nitric oxide. 


(a) The Effect of Waste Gas Inleakage. 


The nitric oxide content of waste gas is considerable, 
and it increases with the temperature and oxygen content 
of the waste gas. Inleakage of flue gases into the retort 
can, under certain circumstances, give rise to very large 
increases in the nitric oxide content of the coal gas, as 
shown by the following tests on the experimental retort 
mentioned above. Retort carbon was detached and a joint 
was broken at a chosen point in a retort which was other- 
wise tight. Coal was then carbonized with the retort 
under slight suction. The results of a series of experiments 
are given in Table 4. 


TABLE 4.—Mitric Oxide Content of Crude Gases as Influenced by 
Inleakage of Waste Gases. 














poaszeas 
N, in Nitric |" Nitric Oz or 
— = Crude _ Oxide Oxide, co in 
Test fw 7m Point ot Admission Coal in Crude waa: Waste 
No. res ey of Waste Gases. Gas, Coal Pp Gases, 
as Ad- " Per Cent 
mitted. Per Gas, |Increase| ,Pet 
Cent. P.P.M. in Waste Cent. 
Gases, | 
I 2 3 4 5 6 7 
1 ° o'9 o'8 ° 
2 18°5 18in. from mouth- 15°6 46°3 2°5 |\Op =4'1 
3 15°5 piece joint — 13°1 15°4 1*'t |CO=2"4 
waste gas side of 
retort | 
4 11°3.._- 18 in. from mouth- 9°8 34°4 3°0 |O, =4'0 
piece joint—com- , | 
bustion arch side 
of retort 
5 16°1 Do., but with coal 13°6 5°4 0°3. |O2 =3'5 


gas drawn along 
the charge to the 
opposite ascen- 
sion pipe 


Test 1 indicates the results when there was no inleakage 
of waste gas. Test 2 contrasted with Test 3 shows the 
increased contamination of the coal gas with nitric oxide 
when the waste gases contain excess oxygen instead of 
excess carbon monoxide. Test 4 shows an even greater 
quantity of nitric oxide per unit of waste gas than did 
Test 2, probably because of the higher temperature of the 
inleaking waste gases at the source. 

In Tests 2, 3, and 4 the coal gas left the retort via the 


* In this Paper p.p.m, is an abbreviation of parts per million by lime. 
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ascens on pipe nearest to the point of inleakage of the 
waste gases. In Test 5 the leakage conditions were similar 
to those in Test 4, but the opposite ascension pipe was in 
use and the inleaking waste gases along with coal gas had 
to pass throughout the length of the retort. In doing so, 
practically all the nitric oxide was destroyed, nitric oxide 
being unstable in the absence of oxygen when sufficient 
time is allowed for its dissociation. 


(b) The Effect of Air Inleakage. 


In reviewing the results of a large number of gas analyses 
it was observed that in certain cases the nitric oxide was 
very high although the nitrogen was still low. Whilst it 
was clear that waste gas inleakage was a contributory 
cause of nitric oxide, it appeared that there must be some 
other cause of the high nitric oxide concentrations some- 
times observed. Accordingly, the effect of air burning 
within the retort was investigated. 

The same coal as was used previously was again car- 
bonized under pressure in a tight horizontal retort. Small 
quantities of metered air were forced under pressure 
through a tube projecting through the retort lid and 
ignited. The length to which the tube projected into the 
retort was varied. Results in Table 5 show that the igni- 
tion of a small quantity of air near the retort mouthpiece 
gives rise to proportionately very high concentrations of 
nitric oxide in the crude coal gas. When the air was burnt 
midway along the length of the retort the increase in nitric 
oxide content of the gas was but slight. 


TABLE 5.—WNitrie Oxide Content of Crude Gases as Influ:nced by 
Inleakage and Combustion of Air. 





Increase 
N. in Nitric in Nitric 
Test Per Cent. ; . Conde Oxide in Oxide, 
No ir Point of Burning. Cosi Ges Crude P.P.M. per 
sine Admitted. taoag mer Coal Gas, « Per Cent. 
: "| P.P.M. Inleaking 
Air. 
I 2 3 4 5 6 
I ° ee o'9 o's ° 
2 1°4 At retort lid 3'0 92 6°0 
3 3°6 ” 3°8 21°4 5°7 
4 4°71 ae 4°1 25°9 6"! 
5 i At joint of retort 3°4 12°0 3°6 
with mouthpiece 
6 2°6 At centre of retort 3°0 1°8 o*4 


Parallel experiments in the laboratory in which air was 
burnt in purified coal gas with and without added am- 
monia suggest that the combustion of ammonia in the 
crude gas is the source of this nitric oxide. 

The foregoing experiments indicate that close attention 
should be paid to the tightness of joints between retorts 
and mouthpieces, and of retort lids and spigot joints on 
gas off-take pipes. In illustration of this it may be re- 
corded that when the coal dust, which is normally brushed 
into the joints round the lids of intermittent vertical re- 
torts, was swept clear of one-third of the lids, the nitric 
oxide content of the crude gas immediately increased by 
about 10 p.p.m. whilst the nitrogen content of the gas rose 
by about 4 per cent. 


(c) The Removal of Nitric Oxide in Oxide of Iron Purifiers. 

The removal of nitric oxide in the oxide of iron purifiers 
was first noted by Schuftan and has been examined in 
some detail in this investigation. 

The average results from various plants given in Table 6 
show a considerable absorption of nitric oxide in the puri- 
fiers, which were operating with about 3 per cent. of added 
air and with the normal system of backward rotation. 


TABLE 6. Removal of Nitric Oxide in Oxide of Iron Purifiers 


[ April-June, 1936. 


Nitric Oxide, P.P.M, 


Inlet Purifiers. Outlet Purifiers. 





I 2 3 
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In practice it has been found that the amount of nitric 
oxide which is absorbed varies from time to time and, as 
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is explained below, depends upon the immediate past his- 
tory of the purifiers. Probably the small amount of nitric 
oxide removed at Works A during the June quarter as 
shown in Table 6 was due, in part, to an abnormally large 
absorption by the oxide in the previous quarter. The 
average proportion of nitric oxide removed appears to be 
one half. The higher removal at Works C may be due to 
the circumstance that the gas (from continuous vertical 
retorts) contains an abnormally high proportion of 
reactive hydrocarbons. 

The first stage of the removal of nitric oxide in purifiers 
is probably a physical adsorption followed by the forma- 
tion of complex ferro-nitrosy] sulphides or Roussin salts, 
which involves the interaction of ferrous sulphide and nitric 
oxide. Roussin salts are very unstable, being readily de- 
composed by increases in temperature or in the presence 
of small amounts of oxygen. According to Jordan, Ward 
and Fulweiler® the end product of nitric oxide removal in 
purifiers, however, appears to be a material closely re- 
sembling vapour phase gum. This probably explains why 
Bunte, Bruckner and Haas,’ who investigated a number 
of spent oxides from German Works, found no trace of 
Roussin salts, although they suggest that such salts are 
less likely to be formed with the modern practice of more 
extensive revivification in situ than formerly. It is also 
probable that Roussin salts can only exist in the early 
purifiers where the hydrogen sulphide: oxygen ratio in the 
gas is highest, and that when the first box in a partly 
sulphided condition is placed later in the stream for re- 
vivification, as in backward rotation, they will be oxidized 
with the liberation of nitric oxide. Such a mechanism 
would explain the frequently observed large increase in 
nitric oxide content of the gas passing through the purifiers 
following a rotation of oer 

Jordan, Ward and Fulweiler (loc. cit.) describe a pro- 
cess in which an extra pair of purifiers charged with ferrous 
sulphide deposited on shavings is employed. In one of the 
early applications of the process, a box containing 4,000 
bushels of purifying material (approximately 2°5 lb. of 
ferrous sulphide mixed with sodium carbonate per bushel) 
was employed. After 90 days this box had absorbed 53 lb. 
of nitric oxide, presumably from about 250 mill. cu.ft. of 
gas. Analysis of the material showed that 85 per cent. of 
the nitric oxide removed was present as gum containing 
3°9 per cent. nitrogen. The quantity of Roussin salts 
extractable from the material was negligible. 

In a similar test during this investigation, one box of 
a purification system was charged with a mixture of 35 tons 
of soda ash and 120 tons of oxide. A set of four purifiers 
following this box was operated with normal backward 
rotation, air being admitted to the gas stream after the 
specially charged box. The total gas throughput was 336 
mill. cu.ft. at a daily average of 3°13 mill. cu.ft. For two 
months working after the oxide in the special box had 
become sulphided the average results were :— 


Average nitric oxide concentration — 


At inlet to special box -. rene 1°20 p.p.m, 
At outlet. . > &. « A Jue 
Average extraction of : nitric oxide . Pa i per cent. 


Even at the end of this period, when the experiment had 
to be discontinued for other reasons, the specially charged 
box was functioning perfectly. 

The presence of alkali sulphide is not necessary for the 
absorption of nitric oxide, but it increases the stability 
of the Roussin salts. Ammonia in excess of 5 gr. per 100 
cu.ft. seriously reduces the efficiency and life of the 
absorbent. 

Two things are essential for the smooth working of this 
process, viz., freedom of the gas from tar and a very low 
oxygen content in the gas. 

After the efficiency of the special material for nitric oxide 
removal has fallen off, it must not be revivified by aeration 
and returned to the system for further absorption of hydro- 
gen sulphide or nitric oxide. Apparently the localized heat 
generated during oxidation is sufficient to decompose the 
gum with the slow liberation of nitric oxide, and part of 
this nitric oxide retained by the adsorptive surfaces of the 
material is given off into the gas when the material is 
again brought into commission. 

If, instead of introducing ferrous sulphide from an out- 
side source, it is decided to combine nitric oxide removal 
with hydrogen sulphide removal, i.e., by utilizing the 
hydrogen sulphide in the gas for the production of ferrous 
sulphide, then the advancement of the oxide countercurrent 
to the gas must be adopted. Revivification of sulphided 
oxide, either in situ, by transferring a box to a later posi- 
tion in the gas stream, or externally, must be strictly 
avoided. The sulphur content of the spent oxide is thereby 
very much reduced. 

When the stringency of hydrogen sulphide removal is 
high and when revivification and backward rotation contri- 
bute so much to the economy and efficacy of purification 
it is, in the author’s opinion, very doubtful whether such 
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restrictions in the operation of oxide purifiers to promote 
further removal of nitric oxide can be justified. 

Attention may be drawn to the fact that, whereas in iron 
oxide systems of purification a substantial removal of nitric 
oxide is normally effected, no such advantage is obtained 
with liquid purification, judging by the following figures. 
Fulweiler and his co-workers surveyed the liquid purifica- 
tion systems of five American cities and found concentra- 
tions of 2°4 to 6'8 p.p.m. of nitric oxide at the outlet of the 
scrubbers. Also four tests made at the outlet of holders, 
after the gas had had the benefit of storage as well as 
treatment in the catch boxes, showed concentrations of 
nitric oxide of 0°7 to 2°2 p.p.m. 


(d) Other Methods of Nitric Oxide Removal. 


Shively and Harlow’ have described a plant in which 
nitric oxide is removed from gas by passing the gas through 
a simple apparatus in which it is subjected to an electrical 
brush discharge. 

Experiments which have been conducted in the course 
of the present investigation indicate the possibility of re- 
moval of nitric oxide from gas by means of a low tempera- 
ture catalytic process. 


THE FORMATION OF GUM DURING GAS STORAGE. 
Nitric Oxide in Purified Gas. 


It has been seen that the amount of nitric oxide present 
at the holder inlet depends upon the degree of inleakage 
of waste gas or air at the retorts, and the behaviour of the 
purifiers. It averages, say, 0°5 p.p.m. To indicate the 
insidiousness, however, of such small quantities of nitric 
oxide, it may be stated that experience has shown that gas 
distributed with 50 gr. of gum per mill. cu.ft. usually gives 
rise to gum deposits on the district. The amount of nitric 
oxide which goes to form 50 gr. of gum per mill. cu.tt. 
(assuming such gum to contain 5 per cent. of nitrogen and 
100 per cent. conversion of nitric oxide to gum) is only 
0°01 p.p.m. There is, however, a certain amount of 
evidence to show that rather less than 10 per cent. of the 
nitric oxide which disappears goes to form gum. In other 
words, a concentration of 50 gr. of gum is probably equiva- 
lent in practice to the reaction of about 0°1 p.p.m. of nitric 
oxide. 

The exact conditions of the treatment of gas subsequent 
to the purifiers must be considered in some detail, as they 
affect the condition of the gas during storage and so in a 
very large measure control the extent of gum trouble 
likely to be met with on the district. In regard to the 
Works of the Gas Light and Coke Company, at Works A 
and J the gas is dried after storage and immediately before 
passing to the district. At Works B no gas drying is 
practised. At Works C and M the gas is dried at the 
outlet of a preliminary storage holder before being stored 
dry in a second holder. At all other Works gas drying 
is carried out at the holder inlet. Works A and L extract 
benzole by the active carbon process, whilst Works C, D, 
E, F, H, J, and K extract benzole by the oil washing pro- 
cess. At Works B, G, and M there is no benzole extraction. 

There is a slight fall in nitric oxide content through the 
active carbon plants, but no significant change in the oil 
washing plants. The effect of benzole plants in reducing 
the quantity of gum-forming hydrocarbons will be dis- 
cussed later. 

Table 7 shows the average nitric oxide contents of the 
inlet holder gas and of the district gas at outlet holder at 
each of the works for the first three quarters of this year. 


TABLE 7.—Mitric 
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The gum content of the district gas is also included. \Vith 
the exception of Works F, most of the nitric oxide reacted 
in the holders to form gum. At Works F the high nitric 
oxide content of the district gas is due to unavoidable by. 
passing of the holders and a large proportion of unstored 
gas in the district gas. 


Precipitation of Gum in Holders. 


The gum content of the gas at outlet of holders is niuch 
more variable. At Works A, B, C, J, and M there is at 
least some storage of gas prior to the gas drying plant, 
and in certain of these cases a little steam was added to 
the gas at the holder inlet during warm weather. The 
object of this steam was to ensure some condensation of 
water during storage, and its specific effect is discussed 
later. The gum in the gas leaving these Works is much 
less than that in the gas leaving the other Works where 
= gas is stored only on the outlet of the gas drying 
plant. 

Prior to January, 1936, the gas drying plants at Works 
C and J preceded the holders, and the decision to move 
them to the outlet of holders was reached as a result of 
consideration of the experience on the districts of Works 
A and M and also of laboratory experiments. 

Table 8 gives a comparison of the results obtained at 
Works C and J under winter conditions before and after 
moving the gas drying plants. 


TABLE 8 


Gum in District Gas, Gr. per Mill. Cu. Ft. 


Drv Storage, Wet Storage, 


Works. Jan -Mar., 1935. Jan -Mar., 1936. 
I 2 3 
Cc 70 23 
J 83 23 


The comparison under summer conditions is more strik- 
ing and is shown in Table 9. There is a waterless holder 
at Works J, and some steam was admitted to the holder 
inlet during warm weather in 1936. 


TABLE 9. 
Gum in District Gas, Gr. per Mill. Cu.Ft. 


Dry Storage, Wet Storage, 


| 
} | 
Works July-Sept., 1935. July- ee ’ 1930. 
I | 
Cc 168 48 
J 656 | 45 


A further illustration of the effect of condensing moisture 
causing precipitation of gum is provided by the results 
obtained when the gas drying plant at Works E was tem- 
porarily by-passed at the end of August. The gum con 
tent of the gas at the holder outlet fell from 107 gr. to 
27 gr. Steam was then added to the gas before storage, 
and the gum content at the holder outlet fell to 9 gr. per 
mill. cu.ft. The quantity of steam used was 600 lb. per 
mill. cu.ft. 

At Works B, where there is no gas drying, but where 
a rich carburetted water gas is made, it was observed 


Oxide and Gum in Gas. 





January-March, 1936. 


Nitric Oxide, P.P.M. 









































: Gum in 
Works. Nitric Oxide, P.P.M. District Gas. 
Inlet District Gr. per Inlet 
Holder. Gas. Mill.Cu. Ft.* Holder. 

I 2 3 4 5 
A 0°82 0°05 6 0°69 
B 0°08 0°02 II o'19 
Cc o'llr o'02 23 o'10 
D 0°45 0°05 42 0°53 
E o°71 0°09 173 0°50 
F 0°46 0°24 81 0°84 
G 0°96 0°07 63 1°86 
H 0°56 0°05 70 0°98 
J 0°70 0°08 23 1°67 
K 0°63 0°07 150 0°70 
L o°31 o'lr 28 2°23 
M 0'73 0°04 6 ee 
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July-September, 1936. 
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District Gr. per Inlet District Gr. p 
Gas. Mill, Gu. Ft. Holder. Gas, Mill. 6a. Ft 
6 7 8 9 10 
0°06 14 0°42 0°06 14 
0°03 12 0°24 0°04 35 
0°06 31 0°13 0°03 48 
0°06 68 1°03 o'13 63 
o"1I0 106 0°46 0°06 107 
0°28 207 0°99 o'r 202 
o'lr 72 1°42 0°09 81 
0°08 141 1°22 O'rr 194 
0°05 60 1°32 0°04 34 
0°09 108 0°63 0°09 63 
0°35 122 | 3°41 0°42 248 
0°04 3 0°73 0°05 I 


* Gr. per Mill, Cu.Ft. = Grains per Million Cu.Ft. of Gas at 30 in. and 60° F. wet. 
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that the gum content of the gas at outlet of the 
water-sealed holder rose to 128 gr. during July, 1986. 
Previous rises had been noted during warm weather. The 
main reason for this appears to be that during warm 
weather the gas in the holder is only 95 per cent. saturated 
with water vapour. There is probably a film of oil on the 
water in the tank. When steam at the rate of 750 lb. per 
mill. cu.ft. was added to the gas at the inlet to the holder, 
the gum at the outlet fell immediately from 128 to 6 gr. 
per mill. cu.ft. 

The lower gum content of the gas leaving a wet storage 
system may be due to the condensation of water vapour on 
the gum particles or to the condensation of gum on the 
nuclei of condensed water. Be this as it may, the gum 
loaded with water settles more rapidly in the wet holder 
than does the unloaded gum in the absence of condensation 
of water. 


(e) Observations at Other Works. 


In the course of this investigation, private communica- 
tions have been received from a number of other Works 
relative to the presence or absence of gum. The circum- 
stances in each case have been examined, and it appears 
that they are substantially in agreement with the views 
expressed in this Paper as to the influence of nitric oxide 
and of storage conditions upon the occurrence of gum. 
Visits have been paid to several of these Works, and the 
following may be mentioned as presenting features of 
special interest. 

Works P and Q were found to have considerable quanti- 
ties of gum in the gas passing to the district, although there 
was no gas drying or naphthalene washing. Many gum 
complaints were being received from the district. At both 
Works the nitric oxide content of the gas was found to be 
abnormally high, due to the use of waste gas for diluting 
the gas from the horizontal retorts to the desired calorific 
value, and it is thought that this explains the trouble. 

Works R and S had received a considerable number of 
gum complaints in former years when operating very old 
horizontal retorts. The replacement of these by modern 
installations of carbonizing plant has considerably allevi- 
ated the trouble on the district, although at Works R, with 
a gas drying plant at the holder inlet, about 70 gr. of gum 
per mill. cu.ft. still pass to the district. 

At Works T and U, with gas drying plants at the holder 
inlets, very few complaints from the districts are received. 
Tests with the standard impingement apparatus confirmed 
that there was little gum (17 to 35 gr.) in the gas leaving 
the holders. In both cases, however, the nitric oxide con- 
tent at the holder inlet was low. Furthermore, at Works 
T the time of gas storage was unusually high. 

The results from Works V and W, both of the same 
Undertaking, are interesting in that the district fed from 
Works V is normally free from gum, whilst complaints 
frequently arise on the district of Works W. At Works V 
the gas drying plant is at the holder outlet, whilst at 
Works W it is prior to the holder. The nitric oxide con- 
tent of the gas made at Works W was very low. At this 
Works the gas entering the drying plant and passing to 
the holders, however, periodically contains large propor- 
tions of unstored gas with a higher nitric oxide content 
pumped from Works V. The average gum content of the 
gas passing to the district was of the order of 80 gr. per 
mill. cu.ft. 

Prior to the summer of 1936, no appreciable number of 
gum complaints was received from the district of Works V. 
About 60 gr. of gum per mill. cu.ft. were found passing to 
the district, despite wet storage. It is believed that this 
was due to the rather high nitric oxide content of the gas 
entering the holders, coupled with the limited time of 
storage in the holders on account of the largest holder being 
under repair. 

Preliminary tests have indicated that when unstored gas 
is pumped from Works V to W little or no nitric oxide 
disappears in the main, which is 3% miles long. At Works 
X of another Undertaking, unstored gas is also pumped 
from the Works to holder stations, which are from 2 to 8 
miles from the Works. Here, again, little or no reaction 
occurs in the main. The important feature in this case 
is the lowering of the gas temperature during passage 
through the underground main, which results in an absence 
of condensation in the holder. Gum is formed in the 
holder and passes on to the district. 

It is well known that gum appears in America in some 
districts where there is no drying of gas as understood here. 
In certain of these cases, however, the gas is compressed 
and transmitted some distance from a coke oven plant to 
a holder in a residential area. Under such circumstances 
the gas entering the holder cannot be saturated with water 
vapour. Shively’ discusses one such case where the ad- 


mission of steam at a suitable point on the inlet side of 
the holder gave beneficial results. In other eases it may 
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be that the greater fluctuation in atmospheric temperature 
results in less condensation within the holder. In America 
also, the nitric oxide in gas is frequently higher than that 
recorded in this Paper; sometimes the replacement of oxide 
~ iron purifiers by liquid purification may account for 
this. 

Mezger’’ records a case in Germany where a gas drying 
plant was put into operation at the holder inlet. This was 
followed by the appearance of gum. The plant was shut 
down and the trouble ceased. 


CONCLUSION. 


In those districts where appreciable numbers of gum 
deposits occur it has been found that the gas leaving the 
Works usually contains gum to the extent of 50 or more 
gr. per mill. cu.ft. of gas. Such gum arises from the inter- 
action of unsaturated hydrocarbons, oxygen, and nitric 
oxide in the holders under such conditions that little or no 
condensation of water takes place. This lack of adequate 
condensation of water in the holders may arise from :— 


(1) The introduction of the gas drying process at the 
holder inlet, or 

(2) the compression of unstored gas and its transmission 
underground to distant holders, or 

(3) the exposure of holders to sun during the summer 
months, waterless holders being more easily affected. 


The admission of a small amount of steam to the holder 
inlet is beneficial, except of course when the drying pro- 
cess is at the holder inlet. 

It has been found that when gas containing less than 
1 p.p.m. of nitric oxide is stored under conditions which 
permit of condensation of water it frequently contains up 
to 20 gr. of gum per mill. cu.ft. 

It is not found, however, that such a concentration of 
gum in the gas causes any appreciable amount of trouble 
when the gas is used. This statement refers to gas appli- 
ances as they exist to-day. Refinements are continually 
being made in the design of appliances, and it is suggested 
that in making any further refinements consideration 
should be given to the probability that the occurrence of 
some trace of suspended solid or liquid particles in gas must 
be anticipated. 

Other instances have been met where the gas leaving the 
Works contained a high gum content, even though no one 
of the special circumstances, such as gas drying prior to 
the holders, existed. In these cases the nitric oxide con- 
tent of the gas entering the holders was abnormally high, 
due to the retorts being worked intentionally under suction 
in order to dilute the straight coal gas to the declared 
calorific value with indrawn waste gas. Where the retorts 
can be steamed or the dilution with water gas can be 
effected from an external source, such gum difficulties do 
not usually arise. 

On the other hand, there are cases where the nitric oxide 
content of the gas at the holder inlet is so low that even 
with the gas drying plant prior to the holders only about 
20-30 gr. of gum per mill. cu.ft. of gas have been found 
in the dry gas leaving the holders. 

The importance of pressure governing in the retorts and 
the maintenance of tight retorts and retort fittings have 
hitherto been emphasized from the point of view of avoid- 
ing gas leakage.'' The inleakage of either waste gas or 
air to the retorts is now seen to be equally undesirable in 
relation to the maintenance of a low nitric oxide concen- 
tration in the gas. In this connection reference may be 
made to the very low nitric oxide contents of the crude 
gas from some of the horizontal retorts at Works A, where 
improved retort house governors of the B.K. type’ have 
been recently installed. 

A further circumstance liable to produce gum deposits 
in low pressure distribution systems is the by-passing of 
holders and the sending out of a mixture of stored and 
unstored gas containing nitric oxide. , 

Until such time as there is an economic method for the 
removal of nitric oxide from gas, the holders must be 
regarded as having the two following functions in addition 
to that of storage :— 


(1) They are reaction chambers in which the small 
quantities of nitric oxide in the gas react with un- 
saturated hydrocarbons and oxygen to form gum, 
and 

(2) they are chambers in avhich the gum so formed 
settles from the gas. 


The second of these additional functions is exceedingly 
important, and as has been suggested in this Paper, the 
principal factor controlling the settlement of gum is con- 
densation of water in the holders. 

Condensation of water in mains or services, when wet 
gas is distributed, does little to prevent any particulate 
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gum in the gas reaching the consumers’ appliances. This 
is probably because such condensation is confined to the 
surfaces of the mains and services, and the particulate gum 
is little affected. The gas drying process, with its very 
important contribution to the avoidance of the disturbance 
of consumers’ supplies can, therefore, be profitably em- 
ployed without seriously aggravating gum deposits on the 
district, so long as the gas drying plant is installed at the 
outlet of the storage system. Originally, gas drying plants 
were usually installed at the holder inlet because of the 
more uniform flow of gas there, and also to minimize 
pressure loss between the holders and the consumer. 
Recent improvements in gas washing appliances have pro- 
vided types of plant which will operate economically with 
wide variations in gas load and with very small loss of 
pressure 

The author wishes to express his sense of indebtedness 
and his warm thanks to his colleagues, whose assistance 
has rendered possible the writing of this Paper, to the 
Managers of a number of Undertakings, who have com- 
municated their experiences, and to the Directors of the 
Gas Light and Coke Company, in whose Works and 
Laboratories the investigation has been conducted. 
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Discussion. 


Sir Gutgert Morean, O.B.E., F.R.S. (Director, Chemi- 
cal Research Laboratory, Teddington): The investigation 
which Mr. Hollings has summarized serves to remind us 
that changes, although inevitable, are not always bene- 
ficial. As I understand the matter, the problem of nitro- 
genous gum in gas arises mainly from the fact that in 
recent years this commodity has been manufactured in an 
increasingly purified condition. The gas of former days, 
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which was moist and contained naphthalene, did not pre- 
sent seriously this question of gum formation. It is h.ghly 
probable that the two impurities named (water and naph- 
thalene) precipitated the gums before the gas reache.| the 
consumers. ‘To-day, one of these factors is absent and the 
other may be absent. Moreover, any gum passing into the 
distributing system is recognized all the more readily be. 
cause of the improved gas appliances which have jeep 
provided for consumers. 

Three reagents are involved in gum production: a small 
amount of nitric oxide and relatively large proportioiis of 
oxygen and unsaturated hy drocarbons. The first question 
is, what is the actual inorganic reagent? After many 
quantitative experiments Mr. Hollings states that only 
about 10 per cent. of the nitric oxide present is effective 
in gum formation. Is it, therefore, nitric oxide, which re- 
acts, or its oxidation products nitrogen trioxide, N-.O., or 
nitrogen peroxide, NO.? I would recall an old observa- 
tion made by Sir William Tilden during his researches on 
terpenes and other unsaturated hydrocarbons. He was led 
to suppose that the oxide of nitrogen attaching itself to an 
unsaturated ethylenic link was neither NO nor NO,, but 
the intermediate N.O; which contributed NO to one carbon 
atom and NO, to the other 

» c cLeye (NO) — C (NO,)< 
It might be of interest to make a trial experiment with a 
gas containing some specific unsaturated hydrocarbon with 
pure nitric oxide or pure nitrogen peroxide in an atmo- 
sphere rigorously freed from oxygen. 

As the result of many quantitative experiments on the 
chemical kinetics of a gas containing nitric oxide, oxygen 
and a diolefine such as butadiene or cyclopentadiene, Mr. 
Hollings inclines to the view that the mechanism is a slow 
formation of diolefine peroxide, followed by a rapid inter- 
action of that peroxide with nitric oxide. A diolefine- 
oxygen-nitric oxide complex results which catalyses the re- 
action at an increasing rate. So far as I know, the for- 
mation of the diolefine peroxide has not been demon- 
strated under the experimental conditions existing in the 
coal gas under examination. |The diolefine-oxygen-nitric 
oxide complex is also hypothetical unless, indeed, it corre- 
sponds with Tilden’s nitioso nitro olefines. 

The experiments of Mr. Hollings and his colleagues fail 
to confirm the idea that phenols are inhibitors of gum for- 
mation. If the active reagent were moist nitrogen tri- 
oxide, that is, nitrous acid, this should be used up in 
forming nitrosophenols. Actually nitric oxide as such is 
absorbed by comparatively few inorganic reagents, and the 
most promising of these have been examined by Mr. Hol- 
lings’ colleagues. They are reagents such as pentamino 
cobaltous chloride 


[CO Cl sNHs] Cl + NO = [NO. CO 5NH,] Cl 


black salt 
polymerizing to red 
[(HO), CO, 1 ONHs| Cy 


and the iron sulphide-soda ash reagent which absorbs nitric 
oxide, forming Roussin’s black salt 


Na [(NO), Fe,4Sg 


This has worked quite well on a large scale, although its 
operation involves considerable space and large capital ex- 
penditure. 

The test adopted for the estimation of nitric oxide is the 
oxidation of this oxide by acidified permanganate and the 
recognition of the oxidation product by a solution contain- 
ing sulphanilic acid and «a-naphthylamine, which obvi- 
ously can only detect the anhydride N.O, of nitrous acid. 
It will be noticed, in Appendix 1, that an empirical factor 
of three is taken by which to calculate the total nitric 
oxide, although lower factors are used in some laboratories 
and higher factors in others. I am sure that Mr. Hollings 
is quite justified as to his factor, but the theory of the 
process is still obscure. The next point of consideration 
in relation to the gum is its highly hydrated character. At 
the Teddington Laboratory we have desiccated various 
samples of gum in a stream of pure nitrogen free from oxy- 
gen at temperatures of from 90° to 140°, not high enough 
to release nitric oxide. We recovered considerable amounts 
of water which was slightly alkaline owing to the presence 
of ammonia. Oily products were also obtained and these 
contained bases, and particularly pyridine. 

Although no nitric oxide had been evolved, the residual 
gum had changed from being soluble in acetone or aqueous 
caustic alkali to a product insoluble in either of those 
media. 

The experiments bear some relation to the wet storage 
method of removing gum because the greater proportion of 
the water is held physically by the gum particles. It is not 
water of hydration in the chemical sense. Such a process 
of segregation undoubtedly takes place during wet storage. 
By analogy one may further suppose that a segregation of 
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condexsable liquid round gum particles may occur during 
the treatment of contaminated gas with kerosene vapour. 
The study of this very complicated problem in gas tech- 
nology has obviously had many chemical ramifications, 
which we hope before long to see in print. It has led to 
an enurmous amount of methodical research work involv- 
ing accurate quantitative measurements of both physical 
and chemical properties and gas analyses of the utmost 
delicacy and precision. 


The Angle of the Theoretical Chemist. 


Prof. R. Wuyretaw-Gray (Leeds): I have been ex- 
tremely interested in problems connected with gum in coal 
vas, mainly from the angle of the purely theoretical 
chemist, and perhaps I ought to say the physicist. In 
order to form a gum particle you must have a certain 
degree of super-saturation. I should like to put forward 
my own views regarding the actual processes by which the 
gum is formed. I do not wish to discuss the chemical 
reactions by which the gum is formed; they seem to me to 
be extremely interesting but exceedingly complicated. Sir 
Gilbert Morgan has raised the question as to whether nitric 
oxide, in the absence of oxygen, will react with these 
unsaturated hydrocarbons, and he asked whether experi- 
ments had been made on that matter. In Leeds we have 
made experiments of that nature; we have taken nitrogen 
as the carrying gas and we have put into that nitrogen 
small quantities of nitric oxide together with varying 
quantities of unsaturated hydrocarbons. Our experience 
is that in the absence of oxygen no reaction at all takes 
place; if oxygen is there the reaction does take place. But 
it seems to me that these researches by Mr. Hollings and 
his colleagues have thrown a great deal of light on the 
conditions under which gum might be formed. Mr. 
Hollings, by his analyses of the nitric oxide content at 
various stages in the formation of gum, has been able to 
show that there is this very important induction period, 
that if you have a low concentration of the unsaturated 
hydrocarbons and a low concentration of oxygen, the pro- 
cess of gum formation may take a very considerable time; 
but there is a long induction period which varies hardly at 
all with the concentration of the nitric oxide, whereas it 
varies directly with the concentration of the hydrocarbons. 
That is an extremely important step in understanding this 
process of the formation of gum. He has been able to 
show that below certain concentrations of these un- 
saturated hydrocarbons the nitric oxide does not disappear. 

A point which struck me as being of great interest, when 
reading the Paper, is that the actual weight of gum which 
is formed in any of these synthetic mixtures does not 
correspond to the amount of nitric oxide that is present. 
It seems to me that the nitric oxide really interacts at 
once and forms various bodies. The first thing you have 
got to produce is gum in the molecular state. Then pre- 
sently you will have a super-saturated condition and the 
gum will come out from that super-saturated state. The 
actual amount of gum which separates out will depend 
upon the vapour pressure of the gum substance. I have 
made a small calculation which is perhaps important, 
though I would not like to say that it is important. Any- 
how, if you calculate the amount of gum in the vapour 
phase, supposing that the gum itself has a vapour pressure 
of one-thousandth mm., you find that a very large fraction 
of the gum is in the vapour phase. So that these gums 
must have an extremely low vapour pressure, but the 
amount of gum, even with this low pressure in the vapour 
phase, is probably considerable. 

Mr. Hollings has traced the induction period by 
measuring the amount of nitric oxide by the method he 
describes. I have made some experiments in an effort to 
trace these processes by observing the first appearance of 
the gum. It is comparatively easy to do that by making 
use of the Tyndall beam. Those experiments, so far as 
they have gone, support closely Mr. Hollings’ views; but 
there is the difference that the gum appears to form very 
much earlier than the nitric oxide disappears. I think 
this can be explained by supposing that the analytical 
process by which nitric oxide is determined indicates 
not only free nitric oxide but also nitric oxide combined in 
some way with these unsaturated hydrocarbons. So that 
possibly those induction periods may not be the true in- 
duction periods simply because the analytical method 
measures the nitric oxide plus nascent gum. 


Trouble-Free Supply. 


Mr. D. M. Hensuaw: Too much emphasis cannot be 
laid on the importance of the bearing of such investigation 
on the maintenance of an uninterrupted and trouble-free 
supply of gas to the consumer. The eradication of gums 
and the removal of sulphur compound may be regarded as 
the last steps in realizing that ideal. Gas dehydration, as 
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a works’ operation, did not become practicable until 1924, 
and the extent to which the presence of gum may have 
been responsible for interruption of supply in the presence 
of both these impurities, prior to that time, cannot be 
estimated. It has been shown, however, that although 
gum itself was not identified as such until 1926, its forma- 
tion in manufactured gas has always been a possibility. 

It is quite certain that its presence was not suspected 
when our experiments in gas dehydration were first 
initiated, and from that point of view gas drying may be 
regarded as a contributory factor to the identification of 
gum, and to the undertaking of the work described by 
Mr. Hollings, and I hope ultimately to its complete 
elimination, 

On the question of the suggested maintenance of a state 
of humidity in the gasholder rather than a state. of dry- 
ness, and the maintenance of an oil film, there may be 
some difference of opinion, and it may be regarded as a 
retrograde step to revert to conditions likely to accelerate 
the corrosion of framing and trussing and the general fabric 
of the holder. 

I would like to ask Mr. Hollings if steam admission has 
been regularly practised over an extended period on the 
holders at either of the works mentioned. In view of the 
importance of the subject of gum prevention and removal, 
may I venture to suggest that it is a matter for research 
by the Institution itself, and that more detailed informa- 
tion should be obtained and correlated, not only from the 
100 or more other undertakings who have ‘ Dri-Gas ”’ 
plants, many of which have no gum trouble, but also from 
those who do not dehydrate but who have had experi- 
ence of gum. In this way the very valuable information 
and conclusions contained in Mr. Hollings’ Paper could be 
made available in a more concrete form for the benefit of 
the Industry as a whole. I have it in mind that this work 
might be done most expeditiously and thoroughly by one 
of the Institution Research Chemists, but it may be that 
the advent of an Investigation Officer might prove to be as 
unpopular as a questionnaire. 

Mr. D. Cieave Cross (Lea Bridge): Our experience at 
Lea Bridge appears to confirm many of Mr. Hollings’ de- 
ductions and conclusions, but at the same time we have 
had other conditions or experiences which are somewhat 
complicating. I should state at the outset that the figures 
I quote of the nitric oxide content of our gas have been 
ascertained by Mr. Hollings’ staff. The whole of our coal 
gas is made in continuous vertical retorts, and is dried, 
and washed for naphthalene before storage, and therefore 
it is stored dry, and I can say there is no sign at the 
present time of the formation of gum on our district, 
The nitric oxide content of the coal gas at the outlet of the 
purifiers is relatively low and only 0°15 p.p.m., this may 
be attributable to the fact that the vertical retorts are 
worked under a pressure of 1/10 in. at the gas offtake, 
and the retorts are in good condition giving a nitrogen 
content in the crude coal gas of about 3 per cent. before 
air is added for purification purposes, and therefore it can 
be assumed that there is little intake of air or waste gases 
at the retorts. Also we have at present ample purifying 
capacity. 

Some three and a half years ago an attempt was made 
to increase the yield of make per ton by working the re- 
torts under a slight vacuum, and in less than a fortnight 
of the change gum deposits were found on gas appliances 
on and near the works causing serious inconvenience. 
These gum deposits were connected at the time with the 
change of conditions in the retort house, and on reverting 
to our practice of working the retorts with level gauge or 
slight pressure the formation of gum very soon disap- 
peared. This experience rather confirms Mr. Hollings’ 
suggestion that conditions in the retort house have a very 
important bearing on the proportion of nitric oxide in the 
gas made and the possibility of gum deposits. On one 
other occasion, two years ago, when we experienced gum 
deposits on gas appliances on the district for a short period, 
we could not trace it to any change of conditions in the 
retort house, and this difficulty was overcome by slightly 
increasing the calorific value of the gas made. 

Mr. Hollings has suggested that it is desirable to store 
gas in a saturated or wet condition to assist the reaction 
of the nitric oxide in the gasholder, and to increase the 
rate of settlement of gum particles formed, and engineers 
may be persuaded to consider the removal of their drying 
plant from the inlet to the outlet of their holders. 

At Lea Bridge the dew point on the gas is reduced at 
least 15° below saturation before entering the holder, and 
it has the same dew point on the outlet, and yet the nitric 
oxide content of the mixture of coal gas and water gas 
is reduced from an average on the inlet of 0°12 p.p.m. to 
0°026 p.p.m. on the outlet, which is quite a substantial re- 
duction. This considerable reduction of nitric oxide con- 
tent of the gas in the holder while in a dry condition may 
be due to the fact that the holder is of relatively large 
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capacity compared with the output of gas when the tests 
were carried out, and also the inlet and outlet pipes are 
separated by 120°. Therefore the gas has probably had 
ample time to rest to allow the reactions to take place and 
any gum formed to settle. It is of interest to note that at 
times of peak load the nitric oxide content of the gas on 
the outlet of the holder appeared to rise to a maximum 
corresponding with a shorter storage time. While my 
foregoing remarks appear to confirm the conclusions made 
by Mr. Hollings, there is one conflicting fact which puzzles 
us. Soon after the war the conditions at Lea Bridge corre- 
sponded to all those conditions set out by Mr. Hollings as 
contributable to the formation of gum, and yet we were 
not troubled at the time by gum deposit. 

The vertical retorts were in a very poor condition with 
leaky joints, and I am sure waste gases must at times 
have been drawn in. Purifying capacity was low, and 
gasholder capacity down to 35 per cent. of the daily out- 
put, with the gas going directly in and out of the holders. 
Can Mr. Hollings suggest why we were not inundated with 
gum troubles? he reason may have been that we were 
making a high percentage of carburetted water gas at the 
time, which may have acted as an inhibitor of the gum 
particles, 


Removal of NO by Oxide of Iron Purifiers. 


Dr. P. Scuurran (Munich, Germany): The average 
figures for gum analysis (ash free) agree very closely with 
the figures as they result for dicyclopentadiene-nitrate. The 
O:N ratio of 3:1 is noticeable, instead of 2:1 as required 
if NO, would react. 

Seven years ago I investigated, both in the laboratory 
and in full-scale operation, the removal of NO by oxide 
of iron purifiers. Under certain conditions there is prac- 
tically no NO removal at all, proving that there is no 
appreciable oxidation of NO in the absence of a catalyst, 
which agrees with the course of the reaction 2NO + O, = 
2NO,, which is very slow. Hence, there can be no question 
of NO removal by gum formation in oxide boxes; rather 
can NO removal take place only by the formation of 
Roussin’s salts, facilitated by certain factors. Disturbance 
by the presence of NH; was not observed. 

The Roussin’s salts have been found to give off their 
nitrogen, not mainly as NO., but as N.O, N, and NH. 
During the usual run of oxide boxes, NO is adsorbed on the 
immense mass surface and displaced at the backward rota- 
tion by the heat evolved during the H.S absorption. The 
application of oxide of iron boxes has proved to be a safe 
and simple method for a practically complete removal of 
NO and gums from gases, the necessary volume being only 
a fraction of that required for sulphur removal. 

The absence of gum in the gas issuing from the oxide 
boxes may be attributed to surface action of the mass, 
while the settling down of un-coagulated gum particles is 
so slow that the separation is incomplete even in turbo 
fans, especially as, due to the low relative velocity between 
gas and blades, only slight coagulation by impact action 
may occur. The Hollings process for gum removal in gas- 
holders by the introduction of condensing water vapour 
represents a clever and very simple combination between 
surface action and coagulation to larger particles. There 
is some promise for the method of condensing the gum- 
fogs in an electrical field or in impact collectors, although 
the latter would imply some loss of pressure. 

The most striking portion of Mr. Hollings’ work consists 
in his investigation of the mechanism of gum formation. 
The knowledge that during an induction period there are 
catalysts produced, strongly accelerating the NO reaction. 
appears to be most important, both scientifically and tech- 
nically, although very little can be said regarding the 
nature of the catalysts. The inhibition of any catalyst 
formation by ammonia seems most noticeable. 

I consider the NO oxidation to be the primary reaction 
for gum formation; and, as regards the acceleration by 
catalysts, I investigated the conditions some years ago by 
some experiments (yet unpublished) which have led to a 
German patent application. Volatile iron compounds 
proved very effective catalysts. It was further shown that 
NO oxidation does not seem to be a tri-molecular reaction, 
as claimed by Bodenstein, but probably proceeds in two 
stages, according to Raschig’s assumption and Boden- 
stein’s more recent inclination. The intermediate product 
is probably NO;, which may by suitable substances be con- 
verted to other compounds. Water and alkali form nitric 
acid, and respectively dienes form gums. It may be re- 
called that the gum analyses show a ratio of O:N = 8:1, 
apparently po Sat the supposed mechanism of NO 
oxidation. 


Glass Surface and Catalyst. 


Concerning many of the experimental difficulties and the 
scattering of results, I can trace them now, in view of Mr. 
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Hollings’ observations, to my having adopted glass ap)ara- 
tus. 1 assume that the glass surface itself did not realiy 
act inhibitingly, but rather that it retained the minute 
catalyst quantities adsorptively and prevented them re. 
acting. Observations made in full-scale operation with 4 
coke oven gas of low diene concentration may be of interest, 
A coke oven gas with only 04 gramme of benzole per 
cub.m., after treatment in a benzole plant working on the 
Linde system, was washed with water under 11 atmospheres 
gauge for CO. removal. Although the diene content was 
thereby further considerably reduced, there was after a 
period of three minutes a reduction of the NO content by 
about 70 per cent., accompanied by a corresponding pro- 
duction of gum. Probably volatile iron compounds were 
produced and were the cause of this excessive acceleration 
of velocity, which was maintained for months. With falling 
temperature the reaction is somewhat retarded, while, oj 
course, the oxidation of NO to NO, possesses a negative 
temperature coefficient. 

Furthermore, there have appeared in widely differing 
plants, in certain coolers, deposits of magnetic Fe,O., which 
could only have been deposited from the gas. For the 
formation of the catalysts the presence of HCl may 
possibly be favourable. 

The observation by Mr. Hollings that carburetted water 
gas shows the shortest induction period may be referred 
to an easier carbonyl formation, because of higher CO con- 
tent. But, on the other hand, it seems curious that an 
addition of blue water gas to a gas purified by A coal did 
not cause any shortening of the induction period. 

The investigations by Mr. Hollings show clearly that the 
velocity of reaction of NO after completion of the indue- 
tion period is practically independent of the oxygen, NO, 
and diene contents. This is typical of a mono-molecular 
reaction; actually the first stage of the NO oxidation to 
NO, is a mono-molecular reaction, as soon as the excess 
of oxygen is very great, as is always the case under the 
experimental conditions. The induction period itself—i.e., 
the velocity of formation of the catalyst, depends on the 
oxygen and diene concentration, apparently in the manner 
of a bi-molecular reaction. It is true that we cannot yet 
decide whether the cat:.lyst really represents a product of 
oxidized dienes, or whether the favourable effect of a high 
diene content should be referred to catalyst formation 
through secondary action. 

The observation that in certain cases the diminution of 
NO in mains is so surprisingly small will probably necessi- 
tate further explanation. It is possible that this pheno- 
menon may be caused by the nature of the pipe surface. 





A Vital Question. 


Mr. ARTHUR MarSsDEN (Bristol): Mr. Hollings speaks of 
some deposits being “‘ dry and granular, and particularly 
obstructive in narrow passages.’’ Specimens which have 
come to my notice have varied from an almost wax-like 
appearance to dark brown sticky masses. Is it not possi- 
ble that in some cases the non-nitrogenous or liquid-phase 
gum may assist the nitrogenous variety to build up a 
stoppage by acting as a key for the particles? Incidentally 
the liquid-phase gum is usually dark in colour. Early 
hopes which were entertained of arriving at the proportion 
of the two types of gum in any particulary sample from the 
nitrogen content have not matured because it is too vari- 
able. The reference to narrow passages raises the question 
of design of appliances. That is a big matter but may 
perhaps be reduced to a consideration of the relative 
mobilities of molecules and ultra-microscopic particles. 
From such examples as I have examined it appears that 
stoppages occur at points where change of direction, and 
perhaps velocity, takes place, and such points are rather 
at the entrance or exit of narrow passages than within 
them. ' 

The question of nitric oxide in coal gas is vital, and 
since it is accepted that the unsaturated gum-forming 
hydrocarbons are in excess, the reduction of the amount of 
nitric oxide is very important. Preliminary tests we have 
made indicate that, other things being equal, there is an 
increase in the nitric oxide content of crude gas after 
scurfing retorts. This confirms the data given. The re- 
tort house again shows its importance in the scheme of 
things, and it is of interest in this connection to note that 
what is considered to be good retort house practice, from 
a gas-making point of view, also tends to reduce nitric 
oxide and, consequently, gum. 

In connection with Section V, and considering our three 
works, we have found: 


(1) That the nitric oxide at inlet to holders follows the 
same order as the nitric oxide in the crude coal gas, 
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(2) that the amount of gum at outlet of holders is in- 
fluenced by the way in which holders are worked 
(adequate storage capacity, and holder inlet and 
vutlet pipes as far apart as possible, being of con- 
siderable help in reducing the amount of gum 
passing). However, the amount leaving the holders 
is affected fundamentally by the method of storage 
i.e., whether wet or dry, dry storage giving the 
greater amount of gum in the gas leaving the 
holders. 

(3) That gum complaints from different districts follow 
the order of the gum content of the gas sent out 
from any particular works, although complications 
are introduced by transmission of gas between 
works and boosting to holder stations. 


These three points may be summarized by the following 
figures for 1936: 


Gites Cian: Order of Gum Com | 





Works Grains per Mill.Ft. Pot Gas Sold. Gas Drying, 
1 2 3 ' 
I ; 30 2 After storage 
2 . 76 3 ” ” 
” ; 220 7 Before storage 


* It should be observed that works 3 has the best retort-house conditions so 
far as NO concentration is concerned. 


Mr. Hollings refers to the effect of transmitting unstored 
gas upon the nitric oxide content. Works V_ and 
W in the Paper correspond to numbers 2 and 3 _ to 
which I have just referred. Preliminary tests appeared to 
indicate that the disappearance of nitric oxide was of a 
low order, but further tests have shown the degree of dis- 
appearance to be high and to be influenced by the amount 
of coal gas, or, in other words, the amount of nitric oxide, 
in the mixture. The disappearance i is also affected by the 
rate of transmission being greater with lower speeds. It 
is felt, however, that some other cause may be operating 
because on occasions stored gas is transmitted for short 
periods along the same main. This may influence the 
mechanism of the reaction and will be investigated further, 

However, the disappearance of nitric oxide and_con- 
sequent gum formation is supported by the fact that Works 
W, to which the major part of the gas is transmitted, 
is ‘the only one of the three giving positive gum tests at 
holder inlet. The figure averages 49 grains per million 
cu.ft. An interesting point emerged during our work 
which may be mentioned in connection with Section VII. 
Gas sent from Works W, which happens to be the one 
where the gas is dried before storage, contained during a 
series of tests 240 grains of gum per million cu.ft. and the 
gas reached a holder station 13 miles away, containing 
only 34 grains, an amount which was found later to agree 
with the gum content at the outlet of the turbo-boosters 
at Works W. The amount removed is very high but 
appears to be confirmed by the results from another 
booster which, during a period of 14 months, accumulated 
193 lb. of gum, mostly on the rotor, a weight equivalent 
to 200 grains per million cu.ft. of gas passed. 

Finally, if one subscribes to the view that the gum 
problem will have to be solved ultimately in the works, it 
would be interesting to have Mr. Hollings’ views on electro- 
static precipitation, say, between the holders and drying 
plant. There may be difficulties due to the nature of 
‘*oum ”’ causing it to build up on the electrodes, but the 
addition of moisture may overcome that. It seems to be 
worth investigation, because although the initial cost of 
the plant may be rather high, against that must be set the 
loss which gum may cause and which cannot be calculated 
because of its moral bias. 


A Reasonable Explanation. 


Mr. C. Cooper: I must express a feeling of great relief 
to see at least a reasonable explanation of an apparently 
unreasonable state of affairs, with such seemingly erratic 
occurrence. The main clue has, of course, been in our 
possession at any rate since the publication of the work 
of Fulweiler in about 19381 in distinguishing nitrogenous 
from non-nitrogenous gum, but it has been difficult to 
reconcile with the other observations, some of which we 
have had from various contributors this morning. I think 
the great importance of Mr. Hollings’ achievement is that 
he has allowed us to reconcile the one thing with the other. 
There has always been difficulty in putting forward the 
view that the nitric oxide content of crude gas is the deter- 
mining factor in gum production, because we have not been 
able to give the rest of the explanation. Mr. G. M. Gill 
made the observation very early in the antigum campaign 
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that tight retorts and controlled dilution should be the 
first line of attack. That ante-dated the work to which 
our attention has been drawn by Mr. Hollings. As the 
result of this difficulty of making a complete explanation 
in the past, most of us have given attention to methods 
of amelioration, no doubt with a certain success. One 
early effort on these lines, the introduction of stripping 
the gas to a moderate extent, succeeded in some cases, but 
its success appears to have been a by-product of making 
a richer gas in the retorts, rather than due to the removal 
of any great amount of gum-formers. 

There is an observation in a Paper by R. H. Clayton on 
gas purification, October, 1931, that a certain amount of 
the organic matter in spent oxide, normally returned as 
tar, is actually not deposited tar, but gives the reactions 
of vapour phase gum. In a Paper presented to the German 
Gas Engineers by Mr. Hollings’ colleague, Dr. Anderson, 
in June, 1935, the occurrence of gum complaints in his 
Company’ s area of supply in the winter of 1934-35 is a 
peak well above the preceding and succeeding periods. It 
is indicated in two or three places in the present Paper that 
the gum content is normally higher under summer condi- 
tions. Is the explanation simply that more gas is passing 
through the sensitive points in the winter, or is there some 
other explanation? Apparently the longer average resid- 
ence in the holder in the summer is not effective in reduc- 
ing the gum content, according to the Author’s observa- 
tions. 


Results with Horizontals. 


Mr. J. H. Carrincton (Chief Chemist, Brighton): You 
have heard from various speakers the results from works 
where the gas is carbonized in vertical retorts. I will give 
some ees! obtained from a works where the gas is car- 
bonized in horizontal retorts and where we make water gas. 
All the gas, both coal and water, is scrubbed for benzole. 
We do not dry the gas and we have no holders on the 
works, all our er stations being situated at distances 
ranging from two to sixteen miles from the works. About 
six months ago we commenced the investigation of this 
gum problem in a very small way. We have very small 
holder capacity and we wondered whether our trouble was 
due to that fact. Therefore, we shut down a holder for 
60 hours, during which period no manufactured gas was 
allowed to go into it, but at the end of that period there 
was still gum in the gas. We had expected that it would 
all have been deposited in from six to ten hours. As the 
result of that experience, fortunately for us, we got into 
contact with Mr. Hollings, who was very interested, and 
since then we have had a lot of help and advice which we 
have very much appreciated. We started using his test 
at our works and I will give you some of the results we 
have obtained. We commenced testing in July. At the 
inlet to the holders we had more than one part per million 
of nitric oxide; in October the average for the month was 
0°3 part per million at the inlet. At the outlet, in July, 
we had 0°24 part per million, and it is now down to 01 
part per million. I attribute this to the fact that we are 
carrying out nitric oxide tests in the retort house at the 
outlet of each governor, and we are setting each governor 
so as to give the best results as regards nitric oxide. 

With regard to gum in the gas leaving the holder, in 
July we were finding 235 grains per million at the outlet 
of the holders at one holder station; in October it was 
reduced to between 40 and 50 grains. We have still a long 
way to go to reduce it to 20 grains. At another holder 
station, situated about eight miles away, the gum was any- 
thing from 300 to 400 grains per million. At that holder 
station we started steaming recently. During the week 
prior to the steaming the gum was down to about 190 
grains. During the first week of steaming it dropped to 
28 grains, and in the second week it dropped to six grains. 
I cannot give you further results in that connection be- 
cause we have only been steaming for two weeks. About 
half a mile away from that holder station we have a show- 
room. At that showroom the gum was 105 grains during 
the week prior to steaming. During the following two 
weeks it was nil. I mention these facts in order to corro- 
borate what Mr. Hollings has said in his Paper. Our 
experience of storing gas for 60 hours and still getting gum 
in the gas proves, as the holders are away from the works, 
that the water vapour condenses out in the mains before 
the gas gets to the holder, and although that particular 
holder was not filled with oil, we still did not get the 
deposit of gum; but when we start steaming, down comes 
the gum. 


Experience with Coke Oven Gas. 


Mr. N. Hupson (Mirfield): In Section VIII the Author 
suggests various methods of eliminating gum trouble as 
experienced on the district. He suggests careful control 
of retort house procedure. But I would respectfully sub- 
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mit to Mr. Hollings that many gas engineers are already 
exercising such control; they might be able to improve 
upon it, but they are achieving a fairly high standard in 
that respect. Secondly, he suggests steaming of gasholders. 
Before I personally adopt any great amount of steaming 

of gasholders, however, I should like some evidence of the 
effect it will have upon those gasholders, for gasholders 
are very costly pieces of furniture. At our works we have 
been suffering from gum trouble more particularly since 
we commenced to take a supply of coke oven gas. The 
conditions of supply of that coke oven gas were rather bad 
from the points of view put forward by Mr. Hollings—i.e., 
there was small storage at the coke ovens, there was a 
buried main through which gas was pumped under pressure 
to another small receiving holder at the works end, and a 
pressure from the receiving holder on the coke oven gas 
delivered into our normal gas stream from the retort house 
to the vacuum side. We found that our control valves 
between the storage holder at the works and the vacuum 
side of our own gas manufacture would become practically 
out of control within a very short period because of gum 
deposits. At the same time, by co-ordinating experience 
on the district we found that the deposition of gum was 
controlled to a certain extent, and from our experience I 
submit that that was due partly to the physical treatment 
to which the gas is subjected after manufacture. We 
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found by examination that the design of meters an: the 
burners of appliances had a great deal to do wit the 
deposition of gum; we were also led to the view that »sossj- 
bly there was a critical orifice and a critical veloci'y of 
gas which controlled gum deposits on the district; we were 
enabled to test this on rather a large scale by reas n of 
our coke oven gas supply. The coke oven gas was p: ssed 
down a short 6-in. main at a relatively low pressure (only 
8 in.). In the main, at the outlet from the booster. we 
inserted an orifice plate. As the result of experiment 
arrived at a certain number of orifices of definite siz> in 
the plate, which caused turbulence in the gas, and we 
could build up gum on an orifice plate. From our experi- 
ence with district governors and with appliances on the 
district, particularly with meters, I suggest that if the 
ratio of the number of critical orifices to the critical 
velocity in order to pass a given quantity of gas rises, so 
the trouble from gum will increase. We have made a very 
minute examination of the conditions in our particular 
district, and it is definite that the coke oven gas (which has 
a very limited storage and which has. certainly been 
washed for benzole) is passed through an orifice plate and 
we can control to a certain extent our trouble from gum. 
I have put that forward purely as an experience, and Mr. 
Hollings may have delved into it. 

Mr. Ho.tinGs intimated that he would reply in writing. 
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It is the purpose of this Paper to review the factors 
influencing the design and performance of governors, which 


been the subject of considerable experiment at Watson 
The work has been in- 
some 


have 
House during the last few years. 
fluenced throughout by experience gained from 
300,000 governors now issued to the district. 

In the past the reputation of governors has probably 
suffered from experience of governors of unsuitable charac- 
teristics with regard to the conditions of use. A high first 
cost was an additional deterrent, but the development of 
scientific control in design and manufacture, together with 
the use of modern production methods, have enabled the 
price to be reduced to a figure at which general application 
becomes very advantageous. It is superfluous in many 
eases to employ governors giving high accuracy, and in- 
convenient bulk and expensive complications are unneces- 
sary. 

The first cost of a governor is to be offset by savings 
effected during manufacture, installation, and maintenance 
of the appliance to which it is fitted. The reduced margin 
of overload necessary with a governed supply permits of 
either a smaller appliance or of an increased heat input. 
The employment of fixed injectors together with governors 
enables the whole of the proce ss of gas rate setting to be 
transferred from the consumers’ premises to the factory, 
with consequent speeding up of installation and elimina- 
tion of error; the appliance ‘an then in fact be attached 
to the gas supply and continue to work thereafter at full 
capacity without individual adjustment or any further 
attention. About 4,500 cookers a week are being issued 
by the Gas Light and Coke Company with governors and 
fixed injectors as an integral part of the design; this policy 
having been influenced by the fact that the arrangement 
enables the maximum speed of the hot plate and of the 
oven to be realized. 

Policy with respect to the choice between service and 
point governors, and between pressure and volume 
governors, must be determined by local conditions, but a 
measure of standardization of types, sizes, and outlet pres- 
sure will reduce both costs and confusion. Consideration 
might be given to the specifying of governors on lines 
similar to those suggested for meters by The Institution of 
Gas Engineers’; for, as in that case, there are more types 
and variations available than can be justified economically. 


1 1st and 2nd Reports of the Meters Committee, Institution of Gas Engi- 
neers, Communication No. 126. 


PRacTICAL CONSIDERATIONS IN DESIGN AND MANUFACTURE. 


The Diaphragm. 


Material. 


In spite of much experiment, no material for general use 
on small governors has yet been found more suitable than 
a good quality soft leather which, owing to the way in 
which the interlaced fibres roll and slide over one another, 
has the required properties of flexibility and formability. 
Of all leathers tried the best yet found is an East Indian 
sheepskin of soft semi- chromed tannage. The animal is 
cross-bred and combines in its skin the good properties of 
both parents, viz., the close texture of goatskin with the 
softness and flexibility of the sheepskin. 

For governors in which the change in diaphragm pro- 
perties with the change of shape due to valve movement 
is of little consequence, oiled silk, rubbered cloth, sheet 
rubber, and metal foil are sometimes used. In governors 
giving high outlet pressures, the diaphragms are highly 
stressed and canvas reinforced rubber sheet is a strong 
and satisfactory material. 

To ensure adequate flexibility, it is necessary not only 
to have an adequately soft texture, but to use an appro- 
priate thickness, which may be as little as 0°3 mm. for 
very small leather diaphragms, and to allow sufficient 
free area between the edge and the diaphragm plates so 
that there is not excessive flexure. The thinner the 
material used, the smaller may its free area be for a given 
flexibility. 


The Manufacture of Diaphragms of Consistent Performance. 


There are considerable advantages to be gained in manu- 
facture and performance from binding the edges of a dia- 
phragm with rigid material. The unit thus formed is con- 
venient for the assembly and maintenance of the governor, 
and the performance of bulk supplies can be held to closer 
limits. It is necessary to assemble the unit on some sort 
of jig or former which will provide a definite degree of 
slack, i.e., the centre of the diaphragm will be able to move 
through a definite axial distance relative to its periphery. 
Many diaphragms have been made on a simple conical 
former such as that shown in Figure la, which imparts 
what has been called ‘‘ forming bias ”’ to the diaphragms 
made on it. The bias results from the point of flexure 
in the former being too close to the edge at which the 
leather is glued between its supporting washers. The re- 
sulting diaphragm gives very different performances, de- 
pending upon whether the gas pressure is applied to the 
side of the leather which was concave or convex when 
formed. A difference in outlet pressure of as much as 0°6 
in. was observed on reversing the diaphragm of a small 
governor under otherwise standard conditions. 

Figure 1b is a section of a type of former which suc- 
cessfully overcomes this difficulty. It should be noted 
that, immediately inside the groove cut for the binding 
washers, the leather is carried on a flat ring in the same 
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plane as the washers before bending up on to the cone 
which imparts the required slack. 


Figure 1.—T'ypes of Diaphragm Former. 


Although the binding of diaphragms has been used for 
a long time on smal! governors, it has not been used to 
the extent it deserves on service governors. 


The Central Rigid Portion of the Diaphragm. 


In some small governors it is a convenience to bind the 
centre of the diaphragm with rigid card discs. More 
usually, metal plates are used, which either form or support 
the loading weight. 

Whilst the centring of these on the diaphragm is of 
importance in ensuring the proper axial travel of the valve, 
the adjustment is not inconveniently delicate, and errors 
which are quite easily seen have little effect on the per- 
formance of the governor. It is scarcely necessary to men- 
tion that diaphragm plates should not have sharp or rough 
edges which would chafe the diaphragm material and in 
time puncture it. They should also be sufficiently rigid 
not to bend or buckle under possible overload pressure 
which may occur under no flow conditions. 


Diaphragm Dressing. 


The pores in leather must be sealed against the passage 
of gas. Among the requirements of a suitable sealing 
medium are the following : 


(i) It must not reduce the flexibility or introduce elastic 
forces. 

(ii) It must not deteriorate under working conditions by 
chemical or physical changes, such as oxidation or 
evaporation. 

(iii) It must not be greatly affected by temperature over 
the likely working range, so that it is not stiff at 
low temperatures and does not run away at high 
temperatures. 

(iv) It must be neutral and not washed out by the vola- 
tile constituents of the gas. 


A heavy refined mineral oil has been found to satisfy 
these requirements and is easily produced in a pure state 
at a low price. There are animal and vegetable oils which 
would be satisfactory when pure, but it is difficult to ensure 
their purity and the prices are relatively high. 


Alternatives to Diaphragms. 
Bells. 


These were more common before the recent developments 
in the technique of the leather diaphragm. 

The skirt of the bell and its corresponding cup must be 
of sufficient depth to ensure adequate seal against the 
maximum pressure to be experienced; i.e., the maximum 
inlet pressure at no flow. Even when, as is usual, mercury 
is the sealing liquid, this depth adds considerably to the 
vertical dimensions. The diameter of the diaphragm or a 
bell for a governor of given performance need not be very 
lifferent. ‘lt is necessary to ensure that the correct charge 
f mercury is poured in and maintained, and the mercury 
eeds separate carriage. 

A bell governor is therefore almost inevitably heavier 
ind more bulky than. the corresponding diaphragm 
governor. 


Pistons. 

Pistons are not as yet used in any large quantities, but 
improved production methods may soon make possible 
their much wider use. The neutral piston valve gives a 
very neat method of elimimating unbalanced inlet pressure 
forces, and in place of a diaphragm a piston gives a con- 
stant performance irrespective of axial movements, and 
with suitable lubricant could be used at temperatures 
which would quickly damage leather or rubber. 

The present obstacles to wide adoption are the high 
accuracy and smoothness of finish required and the possi- 
bility of jamming by foreign matter in the small clearances. 
Also the sliding surfaces must not be capable of distortions 
of the same order as the clearances. Experience may show 
these objections to be unsubstantial. 


The Valve. 
Shape. 

One of the most important practical points in the design 
of a valve is the shape near the portion which touches the 
seating. ‘The most usual valve shape is a cone because it 
is an easy shape to make, and it is to some extent self- 
centring. 

The slope of the cone surface affects the relation between 
valve movement and the opening through which gas passes. 
For calculation, the width of the annulus may be taken 
with sufficient accuracy as the perpendicular distance from 
the seating on to the cone. Then 

width cf annulus 


cos (base angle of cone) . 
vertical valve opening 


In order to keep the vertical movement small, the base 
angle of the cone should be a minimum. But the resulting 
flat plate is not self-centring and gives a large masking 
effect on the seating. A convenient compromise is a base 
angle of abuut 30°. 

‘lo avoid the sticking of the valve to its seating due to 
gum, the area of contact in the closed position should be 
as small as possible, t.e., there should be little or no cham- 
fering of the seating edge. In some of the G.L.C. governors 
a spring-loaded button, which, when depressed, pushes the 
valve from its seating, avoids difficulty in obtaining gas 
when there is a sticky film on the valve surface. 

It is important to ensure the correct vertical location of 
the diaphragm plates on the valve stem by means of a fixed 
flange on the latier. 


Resistance. 


A point which must not be overlooked is that when the 
valve has moved to its most open position there must be 
per ace gas passage so that the resistance at maximum 
gas rate does not exceed the limits placed. Thus the valve 
stem must not be too iarge, and the position of the valve 
at rest will normally be with the cone almost or completely 
withdrawn from the seating. The degree of opening must 
also be limited so that diaphragm plates do not fall far 
enough to obstruct the gas issuing from the valve. 


Material. 


Unless very low gas rates have to be controlled, the 
valve and seating wili both be of metal machined to a 
good finish. Soft metals will not normally be used for a 
valve material as the controlling surface may be dented or 
cut in assembly or transport. Similarly, if sheet metal 
seatings are used, precautions must be taken against dent- 
ing in transport. 

In service governors, where the range of gas rates con- 
trolled is large, a vaive of adequate size for the control 
of the maximum rate would need to be very finely finished 
to control the small gas rates. The difficulty is removed, 
for moderate inlet pressures, by covering a metal valve 
with oiled leather. For large inlet pressures the valve 
usually takes the form of a cup holding a piece of heavy 
leather or rubber. This closes against a raised ring seat- 
ing. Leather or rubber will recover its shape to a large 
extent after being pressed against the seating, which 
should normally be chamfered or radiused sufficiently to 
avoid actual cutting of the material. 


Loading. 
Weight. 


For most small governors of standardized outlet pressure, 
dead weight loading is used owing to the accuracy with 
which the correct weight can be obtained straight from the 
machine and assembled in the governor without any ad- 
justment. Also it is free from the variations to which 
springs are subject. 

The weights, if not integral with the diaphragm plates, 
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should not overlap them in such a way as to touch the 
diaphragm surtace. 


Spring. 

For governors giving high outlet pressures weight 
loading is cumbersome and spring loading is more suitable. 
Various torms trom a straigint helical to fat spiral are 
used in difierent governors, working between a tixed but 
adjustable anchorage in the body and an anvil on the dia- 
phragm plates, the torce being directly proportional to the 
compression from the tree length. 

For small governors there are mechanical difficulties 
which discourage the general use of springs tor loading. 
They cannot be produced with suilicient accuracy to avoid 
individual adjustments, extra parts and additional bulk 
are necessary, and they are apt to be delicate to handle, 
particularly in maintenance. 

The easy adjustment of spring loading is sometimes a 
point in its favour. A certain German governor using 
spring loading has a pointer attached to the screw adjust- 
ment which, after initial setting at the manufacturers’ 
works, is turned to the appropriate number on a dial on 
the casing in order to give the loading required for the 
corresponding pressure. This may not always be desir- 
able. 

An advantage in peculiar cases is that the loading is in- 
dependent of gravitation and the governor may therefore 
be mounted upside down or even on its side. 


Chattering. 

Chattering is noticed when the moving parts of a gov- 
erner are in resonant vibration and the valve is hitting 
the seating at each stroke. ‘Ihe noise so caused is objec- 
tionable and there is a possibility of the valve unscrewing 
itself from the diaphragm. ‘I'here is a tendency to chatter 
in all governors, but it is normally checked under all work- 
ing conditions. ‘Ihe phenomenon is by no means fully 
understood, but a few simple precautions may be taken to 
reduce its effect. 

The vibration is originally excited by the impulsive force 
set up when the movement of the valve lags behind a 
change in pressure. The frequency is related to the physi- 
cal characteristics of the governor and connections, but so 
far it has not been possible to design a governor with full 
foreknowledge of its liability to chatter. 

The damping effect resulting from the use of the smallest 
possible space above the diaphragm and from reducing the 
vent hole usually eliminates the tendency. This effect 1s 
connected with the very different natural frequen :ies of the 
upper diaphragm chamber and the remaining spaces in the 
governor. 

The chattering is most noticeable if the valve is near its 
seating when small gas rates are being passed, and under 
conditions of high inlet pressure when increased energy is 
available to set up the vibration. 


Protection of the Breathing Hole. 

It has already been stated that it is necessary for the 
chamber above the diaphragm to communicate with the 
atmosphere through a tairly small hole. It is_ therefore 
advisable to take some care to protect the hole against 
blockage, according to the conditions of use. A cooker 
governor requires protection against spilled grease, clean- 
ing material, and general dust, whereas a governor fitted 
in the supply to a gas fire under a floor plate has little 
danger except from dust and fluff, and a governor on an 
outdoor lamp must still work when covered with rain water 
or even ice, as well as paint, or oil from raising and lower- 
ing gear. , 

in severe cases, a separate shroud or cap concealing a 
well placed hole may be required. 


Maintenance. 


There is little data available on which to form definite 
recommendations for a policy of maintenance. The time 
between successive visits for servicing must depend on 
local conditions of the purity or benzole content of gas, 
operating temperature, &c. ‘There is particularly little 
known on the life of leather diaphragms, although indi- 
vidual governors returned from district use give promising 
indications. An analogy may be drawn from the behavi- 
our of meter diaphragms which, although subject to much 
greater flexure than those on governors, are commonly in 
excellent condition after 15 years’ service. ac ; 

If a policy of periodic examination and servicing is to 
be adopted at moderate cost, the governors must be easy 
for the district staff to take apart and reassemble, and 
joints must be remade easily. It should not be necessary 
to break the connections to get at the valve, and it is a 
convenience if all parts are withdrawable through the top. 
With this end in view, some governors are constructed with 
detachable valve seatings retained by springs which are 
released when the diaphragm is removed. The seal around 
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the valve seating disc must then be adequate in relatio:. to 
tne minimum gas rate to be controlled ‘Ihere are oi ier 
methods of attaining the same end. 

for governors controliing large gas rates only, when ‘he 
minimum clearance between vaive and seating 1s large, ‘he 
valve may be made of smaller diameter than the seating, 
so that when the cap is removed the whole of the moving 
parts may readily be withdrawn. ‘The method is not «p- 
plicable to valves with small clearances, as a stop to Inuit 
the movements cannot be made with sufficient accuracy, 
and there is risk of jamming with dust or gum. 


Protection in Transport and Handling. 


c 


When packing for transport, care should be taken 
prevent the entrance o1 tureign matter through con: 
tions and the distortion or cutting of various moving p: 
due to jolting. 

The connections may be plugged, but the packing its lf 
should not fray or fluff away so as to leave particles which 
will blow on to the valve or get into burners. Woode: 
plugs are suitable. 

Whatever method is used to secure moving parts against 
jolting, it should be so applied that it cannot be left in 
action when the governor is fitted and supposed to be 
working freely. 

_No packing which is likely to come into contact with a 
diaphragm should absorb any considerable quantity of the 
dressing. 


POINTS IN 


wa 


THE COMPARISON OF VOLUME 
PRESSURE GOVERNORS. 

The following considerations will influence the choice 
between pressure and volume governors. 

The control orifice being built into the volume governor, 
the gas rate is independent of the adjustment or size of the 
burner opening or of the effect of heating up on the burners 
(provided there is sufficient pressure available). 

A governor without any diaphragm and without the 
necessity for sealing the edge of the float can work without 
any lubricant_or dressing. Thus the performance of volume 
governors remains satisfactory for long periods in positions 
where the working temperature is greater than would be 
advisable for governors using leather diaphragms (i.e., 
more than 130° F.), though due allowance must be made 
for the reduced gas rate delivered at high temperatures. 
The adjustment controlling the gas rate, being built into 
a volume governor, can be made inaccessible for unauthor- 
ized persons. 

Most of the mechanical disadvantages arise from the fact 
that, as the driving forces are comparatively small, volume 
governors are comparatively highly susceptible to sticking 
with gum and jamming with dust and grit. 

On the other hand, it is possible greatly to reduce this 
susceptibility by making use of governors in which the 
clearance at the edge of the float is enlarged to take as 
much as possible of the control orifice, so that there may 
be no mechanical contact between float and body. Also 
the valve clearances may cften be considerably greater 
than is at present common practice. 

If the sliding surfaces are ever likely to be covered with 
condensate from the gas, their coefficient of friction will 
be thereby increased, and the accuracy of performance 
will suffer in consequence. This is a frequent source of 
failure in governors used in such exposed positions as on 
street lamps. 

There is no connection from the governor to the atmo- 
sphere, and therefore there is no call for protection of 
breathing holes. 

As there is no necessity for a large disc, the whole 
governor can usually be made more compact than the 
corresponding pressure governor. 

On an appliance fitted with either a pressure or a volume 
governor the effect on the heat input of changes in gas 
density is similar. In each the gas rate passing the control 
orifice increases for a drop in density, and vice versa. Th« 
outlet pressure of a pressure governor is further generally 
influenced by the gas rate and to this minor extent the 
density will affect the performance. Volume governors 
are normally not so influenced. 

To accommodate discrepancies in density and calorifi 
value from one area to another the exterior control orific: 
of the pressure governor can be comparatively easil: 
altered. In the case of the volume governor the contro 
orifice must be either infinitely adjustable within limits or 
alternative orifices must be available. 

An extension of this principle enables an otherwise stan 
dard volume governor to be adjustable over a range of ga 
rates. 


AND 


SPECIFICATION AND TESTING. 
Points already mentioned which advisably form part o 
a specification include working range, required accuracy 
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mai-cials, and mechanical tolerances. Additionally the 
specuc gravity of the gas to which the pertormance 
ap 3 snould be stated. ; 

reliance placed on the governor necessitates some 


tes, lor the periormance ot every unit made. ‘Lhe routine 
adopted by the Gas Light and Coke Company is to test 
picssure governors under tour conditions of maximum and 
nm 1um gas rates and inlet pressures. ‘This ensures that 
the generat pressure level is correct, that the valve seal is 


suate, and that the resistance is within limits at both 
upper and lower positions of the valve. Flow gauges have 
been replaced, in the interests of cheapness, by orifices 
calibrated to give the two test gas rates at the appropriate 
mean pressure. A jig, which quickly seals the inlet and 
oullet Manges against the connections, is generally made 
use of together with a two-way cock attacned to the test 
orifices. Such routine tests can be made at negligible 
additional cost. tip 

Volume governors are tested at the maximum and mini 
mum inlet pressures with open outlet. As gas rates are 
controlled directly some type of flow gauge is required to 
assess the accuracy. 

A test for external leaks is advisable owing particularly 
to the inherently permeable nature of the leather. An 
under-water test is suitable, but care must be taken not 
to introduce water through the vent hole. An improved 
jig removing this possibility would be useful in this con- 
nection, 

Air is a convenient medium, being easily disposed of 
and of constant specific gravity. Its use also eliminates 
any complications due to the heating up of control orifices 
or of the governor itself by the burning off of the test gas. 

When testing in the laboratory the performance of new 
samples, meters are necessary for gas rate measurements. 
Flow gauges, by giving a direct reading uninfluenced by 
atmospheric conditions, are much quicker and more con- 
venient to use than displacement meters. Simple single 
column gauges give a sufficiently accurate measure of 
pressure. 


Discussion. 


Mr. Dean CHANDLER (South Metropolitan): I propose 
simply and quite briefly to consider the ‘‘ pros”’ and 
‘cons’ of the use of small governors, in lieu of one 
governor, to control small gas consuming appliances on 
domestic premises. I gather the Authors favour the use 
of small governors to effect local pressure control at the 
point of the gas consuming appliance itself. This means 
that many houses would have quite a number of small 
governors. Is this necessary or desirable? What is to be 
gained by it? I fully appreciate that the use of a small 
governor for each street lamp is necessary, gas for strect 
lighting being sold under contract. My Company have 
had many thousands of these governors in use for the last 
30 years and more. But when it is a question of maintain- 
ing a reasonably constant gas pressure in the home, then 
it seems to me that the use of one regulating device for 
the purpose of pressure control is preferable to a number 
of small units, and is the right way of doing the job. 

It is, I think, generally agreed that a variation of pres- 
sure to the extent of 2 or even 3/1Cths w.g. is not objec- 
tionable, and, provided the premises are adequately 
careassed, one is prompted to ask, why not fix the gas 
pressure control mechanism adjacent to the gas meter, or 
make it an integral part of the meter itself. 

I referred to this matter at an earlier meeting of this 
Institution, and I then said that this idea was being tried 
out in South London on a limited scale. I can now say 
that the few meters embodying a governor in their con- 
struction have continued to work satisfactorily. The 
governor can easily be put out of action in situ without 
interfering with the operation of the meter. The leathers 
used for the governor are easily accessible for occasional 
fresh dressing, and as for the life of these leathers, it 
should be at least equal to the life of the meter leathers 
themselves. 

Reverting to the question of the use of a small governor, 
if one is to be logical in the matter of gas pressure control, 
then it follows that we require a governor to be fixed on 
‘very gas consuming appliance, however small. 

The Authors refer very briefly to piston governors and 
state that ‘‘ they are not yet used in any large quantities, 
‘ut improved production methods may soon make possible 
heir much wider use.’’ In this connection I would point 
out that there is now available a remarkably efficient 
piston type gas governor designed and constructed, I think, 
yn quite sound lines. It consists of a metal piston, which 
‘arries a sleeve-type valve, and the effective sealing of the 
yiston is accomplished by a film of special oil. This 
rovernor possesses several unique features; one is a com- 
vensating deflector nozzle, the purpose of which is to pro- 
‘ide increased outlet pressure as the rate of consumption 
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increases to compensate for loss of pressure in the house 
service pipes. Compensation of outlet pressure com- 
mences at a consumption of approximately 100 cu.ft. per 
hour and rises approximately 1/10 of an inch w.g. for 
every additional 100 cu.ft. per hour, up to 600 cu.ft. per 
hour in the case of the 1j in. size. 

I have had first hand personal knowledge of a number 
of these instruments in use over several years, and for the 
most part they have given complete satisfaction. There 
are now about 10,000 of them in use. 

The early types of this particular governor were not so 
satisfactory, but with the provision of stainless steel sleeve 
liners and stainless steel pistons most of the earlier diffi- 
culties have disappeared. 

In regard to the criticism mentioned by Messrs. Hadow 
and Pinkess regarding the possibility of jamming by 
foreign matter in the small clearances, it has been found 
that this only applies when an excessive quantity of gum 
or tarry matter in the gas is present, but, so far as our 
own experience is concerned, in South London we have no 
knowledge of this trouble. I think I am correct in saying 
that this particular governor does not suffer from the 
presence of gum any more than the more common mush- 
room type valve governor. I am informed that in those 
instances where it has failed from this cause, other type 
governors have also given considerable trouble. So far 
as dust is concerned, experiments have been made which 
indicate that, even with gas carrying a fair amount of fine 
dust artificially introduced into the gas stream, the 
governor does not stick, the reason being that solid 
particles are swept away by the shearing action of the 
valve. 

Quite recently I have asked for a district report concern- 
ing the operation of the piston governors installed in 
South London and I am told that we get very little trouble 
and it is our (District Engineer’s Report) considered 
opinion that these appliances are given a yearly inspection, 
and possibly with a little additional oil they would con- 
tinue to give satisfaction to our consumers. 


{A Very Ingenious Governor. 


Mr. W. E. Benton (Cannon Iron Foundries, Ltd.): This 
Paper does not mention a very ingenious governor, in- 
vented by the Authors, in which they use the increase of 
outlet pressure due to the raising of the diaphragm to 
compensate for the reduction due to increase of inlet pres- 
sure. The method is, of course, only applicable to a 
governor intended for a constant gas rate, but I do feel 
that it represents a very striking instance of the proper 
use of theory. 

I find myself unable to agree with the Authors’ “ trun- 
‘ated cone ” theory. In all the other illustrations to this 
Paper they show diaphragms stretching in smooth circular 
curves. Why, then, should it be necessary to suppose that 
a diaphragm ever acts in the peculiarly rigid way shown 
in the Paper? I am quite sure that this has no real rela- 
tion to practice. It is not our obiect to discuss the be- 
haviour of stiff diaphragms, because these could never be 
really effective. 

When some time ago I worked out some of the errors 
inherent in a small governor I overstressed the dynamical 
effect, and Mr. Hadow and Mr. Pinkess kindly drew my 
attention to the fact that most of the effect which I was 
trying to explain was due to the varying displacement of 
the diaphragm. I then worked out the equation which 
they mention: 





p= tof {1 += ~ . cot et , where w giles 
K+/ sin ¢ VA2 +4 f2 
where p outlet pressure 
o = ideal outlet pressure Mg/x K(K + f). 
h = height of pan above rim support ; when below, h is 
negative. 
K = radius of pan. 
tS horizontal distance between pan and rim-support. 
go =the amount of slack in diaphragm horizontal = ratio of 
arc to horizontal chord. 
M = total mass in motion. 
g = gravitational constant. 


This gives the variation of outlet pressure with con- 
sumption, and also shows clearly that at the mean position 
the equivalent area is the geometric mean area of the pan 
and diaphragm. The weight on the pan must be lifted by 
forces applied to the pan, and these can only be the up- 
ward force on the pan due to pressure and the vertical 
component of the tension in the diaphragm. This last is 
greatest when the diaphragm is at right angles to the pan 
—1t.e., when it is distended into a semi-circle. If only we 
could put enough slack into the diaphragm we could even 
reverse the change of pressure with consumption. 

_I have tried a number of ways of improving this equa- 
tion in order to get closer agreement with practice. At 
first I thought that we should take into account the nega- 
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tive curvature due to the radius of the pan, but I found 
that this does not count. The inner tube of a motor tyre 
expands almost entirely on its outer radius. However 
much you expand it, it does not attempt to close the hole 
in the centre. This is not so with a soap bubble. You 
cannot form an “ inner tube ”’ out of a soap bubble, for 
the inner circle would immediately pull it in and it would 
collapse. Similarly if you press a pencil on a soap bubble 
either it bursts or the pencil penetrates it. An india- 
rubber balloon is quite different. The pressure of the 
pencil encounters a resisting force, a small part of which 
consists of the air pressure on the area of the pencil, and 
the remainder is due to the tension of the rubber pulling 
round it. It is the same with the governor diaphragm. 
There is no contracting force due to the negative curva- 
ture, and the positive curvature has its full effect. If the 
formula underestimates the amount of this tension we 
must experiment and find out to what factor this dis- 
crepancy is due. 

I feel that there is room for an instrument which would 
enable one to preselect a consumption, much as one selects 
a temperature on a thermostat. For many circumstances 
in cooking and heating the demand is not so much for a 
guaranteed temperature as for a guaranteed gas rate. 
The thermostat, for all its usefulness, is not an ideal instru- 
ment on a domestic gas oven. An adjustable constant 
volume governor having a fairly wide range of control 
would be a most useful addition to our list of gas 
regulators. 

Mr. Frank Lake (Radiation, Ltd.): There is no ques- 
tion that any step is commendable which will help to 
ensure that appliances fitted on consumers’ premises are 
correctly adjusted. To-day we are too much in the hands 
of the fitter, and a high proportion of the complaints re- 
ceived from consumers results solely from incorrect 
adjustment. For the best performance, keenly aerated 
flames are desirable in some appliances and slack flames 
in others, but fitters often have their own ideas about such 
things and carefully-worded instruction cards are scrapped 
unread. An appliance initially adjusted correctly is, of 
course, liable to be affected adversely by gas quality and 
pressure changes occurring subsequently. The provision 
of reliable governors on appliances would be advantageous 
in eliminating the difficulties associated with both high and 
fluctuating pressure. This is no new realization, but there 
have been problems of cost and the reliability of the 
governor not only initially, but during the life of the 
appliance to which it is fitted. 

While our own experience in recent month; with a 
limited number of new small governors of a standardized 
design has not been altogether satisfactory, it has been 
our practice for many years to use volumetric and pressure 
governors on certain luminous flame appliances. An ab- 
sence of complaints, however, does not ensure that all is 
well. The average consumer is not able to judge the 
failure of a governor to govern unless the supply pressure 
is particularly high, and even then some might think they 
were getting better value for their money when the 
governor was out of operation, not realizing that the meter 
would later tell the tale. The Authors say they have not 
yet decided on a policy of maintenance. No doubt a suit- 
able scheme will be evolved in due course and the experi- 
ence of their Company will be invaluable to the Industry. 

The combination of a governor with fixed injectors would 
be ideal to take all adjustment out of the fitters’ hands, 
I gather that the Authors have in mind the idea that the 
majority of gas undertakings could be classified into a 
small number of groups, each corresponding to a certain 
range of calorific value and each group taking the same 
set of fixed injectors. From the gas appliance makers’ 
point of view, however, there will need to be greater stan- 
dardization of gas supplies before this is practicable as a 
general policy. To-day there are too large variations in 
the characteristics of different gases of the same calorific 
value. 

The Industry will be in a better position to judge of the 
possibility of extension of the fixed iniector cum governor 
policy when Mr. Wood has developed further the work 
recently initiated on behalf of the Joint Research 
Committee. 

In conclusion I want to draw attention to the question 
of the relaxation of the overload combustion standard for 
governed appliances. The 25 per cent. heat input over- 
load test would appear merely to cover conditions which 
the Authors describe as ‘‘ not abnormal ’’ and to be in- 
tended to take care of possible variations other than that 
due to governor failure. This question has already been 
raised in the discussion on an earlier Paper by Mr. Master- 
man and his reply has been noted. Apparently the views 
of the Authors are that no allowance need be made for 
governor failure. If this were extended to the appliance 
itself it would seem that in the case of the fixed orifice 
injector it is only necessary to take care of variations in 
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gas quality. If this is done, is the 50 per cent.’ pressiire 
overload test then necessary ? 


One Test for Each Type. 


Col. W. CarmicHaeL Peestes: The development of ll 
kinds of appliances, many of which are sensitive to chan, es 
of gas pressure, even where thermostatic control has been 
incorporated, has brought the necessity of pressure rez u- 
lation very much to the fore. A marked thermostat is rot 
quite dependable under varying pressures. My firm |.as 
been manufacturing gas governors of all sizes and descr p- 
tions for over 70 years. In advising their use, the prov. .« 
is always made that conditions warrant their applicaticy, 
the great thing being to keep the gas installation as sim)! 


e 
as possible. As to the question of accuracy, there was 
only one test for each type; for the pressure governor a 
constant outlet pressure against varying inlet pressures 


and varying consumption, and for the volumetric type 
constant volume under all variations of inlet pressure. 

Once these conditions are departed from, an empiric 
arbitrary standard must be adopied, and variations kept 
within specified limits. There are many gas engineers wc 
would not agree to any variation of outlet pressure o 
volume. For one large Corporation supplied by my firm, 
nothing would satisfy them (for the pressure governor) 
but a straight line chart day and night, whether gas was 
being used or not. 

No doubt all of us desire appliance governors to be as 
small and compact as possible. But the reduction in dia 
meter of the diaphragm means that to retain the sensi 
tivity required in governing, it must be very thin, and 
consequently is more delicate and easily damaged. Ex 
perience with ‘meter diaphragms has been extremely 
valuable, and, as maintenance men become trained, the 
governor also should not present any serious difficulty. 
The high cost of governors in the past has been largely 
due to the small numbers and to the great variety of sizes 
required, also the variation in size of connections and 
pressure conditions. I can quote from our experience as 
follows: A governor, say, for a capacity of from 8 to 10 
or 12 cu.ft. per hour may be cailed for with connections 
for upward, downward, or horizontal flow; screws, 4 > 
4 in. iron (barrel), % in. brass, } in. iron (barrel), 3 in. 
brass, % in. iron (barrel), and } in. iron (barrel), all for 
the one size of governor; pressure, conditions thus—varying 
inlet pressures 20 tenths to 12 in., outlet pressures 15 
tenths to 35 tenths. We have always tried to give the 
customer what he wants, although it would often be easier 
to say: ‘* This is our standard; take it or leave it.’’ The 
buyer has ‘controlled and still controls the situation. 

The Authors are connected with a very large and pro- 
gressive Company, which on the adoption of a policy can 
give orders for governors in large numbers to a definite 
specification, allowing of mass production with the con- 
sequent lowering of costs. While we are grateful to the 
Authors for couching their conclusions in the language of 
theory, it should hardly be inferred that the technique 
gained from the accumulated experience of early inventors 
and manufacturers is without a scientific foundation. It 
is greatly to be hoped that the Industry will act as it has 
done with gas meters and issue some sort of guiding speci- 
fication so that standardized sizes and performance, at any 
rate, will be called for. 


Pressure Type of Governor. 

The pressure type of governor will serve several points 
in the same appliance by keeping a practically constant 
pressure to one or all, while the volumetric governor has 
a definite duty of keeping a constant volume against vary- 
ing inlet pressures. If the injector is varied in size, owing 
to corrosion or deposit, the same volume will pass (pro- 
vided that a sufficient inlet pressure is available), but the 
pressure at the injector or point of ignition will be altered, 
and the efficiency of the appliance impaired. A _ self 
loading governor, providing an increasing pressure to 
overcome friction in the carcassing system, is just a little 
more complicated but is now available in various forms. 

The governor for high pressures exists in many forms, 
but for service work is usually as the Authors describe, 
embodying a lever to close the valve against the inlet 
pressure. At the beginning of Section III the Authors 
point out that very little has been published hitherto with 
regard to the design of gas governors. It is not unnatural, 
however, in view of the intensity of present-day competi- 
tion, that manufacturers should be loth to divulge their 
private secrets. he meaning of the paragraph headed 
** Accuracy Required ”’ at the beginning of Section III is 
not clear to me. I should be grateful if the Authors will 
explain it a little more fully. They also give a summarv 
of the causes of variation in performance. The implica- 
tion there is that a governor can raise pressure. But the 
outlet pressure is always less than the pressure at the 
inlet, at least by the amount of the losses. They also 
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refer (o variation of the outlet pressure from the “‘ stan- 
- ; am -.. 

dard value.’’ Should this not be “ specified value”? A 

speciication implies choice of values, whereas a standard 


is a nicasuring stick, 

In Figure 4 there is an illustration of a twin valve 
eovernor. In their reference to such governors the 
Authors refer to the ‘‘ inevitable small minimum of fric- 
tion, and I should like to know what is meant by that. 
Would it not be better to state ‘‘ inevitable accompanying 
friction, however small? ’’ There is quite a distinct differ- 
ence. Figure 7 illustrates a governor with compensating 
diaphragm but no main diaphragm. The principle of that 
eovernor is similar to that employed in a small station 
eovernor patented 50 years ago by the late Mr. D. Bruce 
Peebles, and which is still made. A bell is used, but there 
is no diaphragm to cause variations. 

In the section of the Paper dealing with diaphragm per- 
formance should it not be mentioned that the piston is the 
only controlling medium with wunvarying properties 
throughout its stroke, for the diaphragm varies as stated 
and the effective weight of the bell varies with its displace- 
ment in the mercury? Chattering is a very important 
matter, and I may mention the curious feature that if the 
breathing hole is too small there is a resultant compression 
of the air above the diaphragm. I have found the 
chattering stopped entirely when the top of the governor 
was opened up—which is quite the reverse to what the 
Authors mentioned. 


A Matter ot Policy. 


Mr. C. W. CrawsHaw (Messrs. Bryan Donkin & Co., 
Ltd.): It will be realized that once a manufacturer is 
committed to design, cost of patterns, and organization of 
production, any variation, however small, from the stan- 
dard acts as a brake on production. Of course, we do a 
lot of testing and endeavour to keep pace with all 
requirements. 

At first sight the subject of small gas governors does not 
appear to be a very formidable proposition, but the 
Authors’ clear description of the theory underlying the 
action of the governor, the closely reasoned survey, re- 
commendations and opinions expressed in the Report give 
ample evidence of the variety of factors with which the 
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manufacturer is faced in the production of a device at an 
acceptable price, having the requisite accuracy of perform- 
ance in service, and it is gratifying to have the Authors’ 
considered opinion that the technique of design and con- 
struction has advanced to a stage when it is possible to 
mass-produce governors of calculated accuracy. Although 
the adoption of the service and point governor must in the 
first instance be determined by local conditions of gas 
supply it is often regarded as a matter of policy and 
rather as only another charge against service and main- 
tenance. Others such as the Gas Light and Coke Com- 
pany adopt governors from a belief in the principle, as an 
assurance that the gas supply to the consumer shall be 
under full control, to meet the normal variations in dis- 
tribution supply pressures and the rate of flow demand of 
the consumer. It is an arresting figure which the Authors 
give of 300,000 governors already in service on the Gas 
Light and Coke area of supply and the experience thus 
gained adds authority to their recommendations. As 
manufacturers we are more particularly interested in Sec- 
tion III (8) of the Report (Practical Considerations in 
Design and Manufacture). I should also like to direct 
attention to the Venturi fitting described in Section III (5) 
under the heading ‘‘ Compensation for the Effects of Gas 
Rate.’’ Other sections of the Report will repay careful 
study, such as Specification and Testing (Section E) and 
Appendix 1 on design of high-pressure governors. 

With regard to Formula No. 3, may we take it that P is 
actually “‘ pressure difference ’’? Have the Authors made 
tests with the object of ascertaining the orifice coefficient 
of various types of a governor? Mention is made of the 
probable variation in performance of a small governor as 
+ 01 in. w.g. and that + 0'5 in. w.g. should suffice for a 
larger governor. Our experience shows that the allow- 
ance in large governors may be less than in small ones. 
Have the Authors any data whether the life of diaphragms 
is affected differently when operating on dry gas as com- 
pared with gas having some degree of moisture? Also is 
there any difference if the grained side of the diaphragm 
is placed next to the gas or vice versa? 

In regard to the diaphragm ‘‘ former,’’ we presume that 
the height of the dished portion above the rim portion is 
made greater to allow for stretch when released and the 
finished diaphragm will therefore be slightly shallower. 
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(a) IpeaL REQUIREMENTS OF AN EFFICIENCY TESTING 
METHOD. 


In development work on gas appliances it is particularly 
important to evaluate correctly the effect of changes in 
the structure of the source on the efficiency attainable, 
and the limitations of the Leeds sampling method may 
frequently lead to erroneous conclusions being drawn. 
The attempt was therefore made to devise a method which 
would ensure effective examination of the whole surface 
of the test hemisphere and at the same time eliminate the 
need for assuming an equivalence between intensities at 
particular points and mean intensities over sub-divisions 
of the test hemisphere which bear no direct relation to the 
distribution of energy from the source. At the same time 
it was felt that both the experimental procedure and the 
calculations involved in the Leeds method of test were 
cumbersome and ill-adapted to the requirements of modern 
industrial research. 


An attempt was therefore made to simplify the tech- 
nique of efticiency determination, to reduce the ‘‘ personal 
factor’’ to a minimum, and to reduce the length of the 
calculation required after completion of the experiment. 
‘hese features ere essential if the effect of changes in the 
appliance under test are to be fully explored. 

While a calibrated Moll micropile may be felt to yield 
sufficiently accurate results for approximate work, the 
attainment of a good degree of accuracy with this type of 
instrument involves the allowance of considerable time 
intervals for the case to reach thermal equilibrium with 
its surroundings. 

An ideal procedure would be one which effects the 
summation of the heat crossing each element of area of 
the hemisphere in such a manner that each element of 
energy is assigned equal weight in the total. One way of 
attaining this is to take a receiver of suitable size and 
shape and move it at a constant speed across the surface 
of the hemisphere so that an integrating effect is attained, 
the hemisphere being divided zonally so that the receiver, 
or radiometer, may cover the whole surface in a reason- 
able number of transits. The radiometer itself must, of 
course, fulfil the following conditions :— 


(i) The physical characteristics of the materials em- 
pleyed must be such as to yield a linear variation 
of response with intensity. , 

(ii) The relation of heat capacity to exposed area must 
be such that the cooling which occurs during the 
period of exposure is small and may be allowed for 
to a sufficient degree of approximation by a correc- 
tion to the measurement as a whole. 

(ili) The motion of the instrument relative to the source 
must be such that all the elements of energy re- 
ceived are given equal weight in the final summa- 
tion. 


(b) Tue IntTEGRATING RADIOMETER. 


The integrating radiometer has been designed to satisfy 
the requirements outlined above. In its present form the 
instrument has two equal sets of six receiving elements 
mounted as shown in Figure 1. These elements consist of 
copper blocks semi-circular in cross-section, corrugated and 
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Ficure 1.—Elevation and Sections of the Integrating Radiometer. 


blackened on their outer surfaces, which form opposite faces 
of a parallelopiped. The constituent units of each set are 
electrically insulated from one another by bakelite strips 
which also serve to retain the elements in position within 
the casing. ‘The elements are inter-connected by thermo- 
couples of iron and Constantan in series so that alternate 
junctions are in opposite faces of the receiver. The masses 
and exposed areas of the blocks are carefully balanced 
and the areas of the apertures in the polished sheet metal 
case are also equalized so that the receiving faces may be 
used interchangeably.* The end connections to the 
thermocouples are brought out through a hollow pivot in 
the base of the instrument and are connected by means of 
stout copper flex to a portable galvanometer of suitable 
sensitivity, the resistance of the whole circuit be ng of the 
order of 20 ohms. It may be noted that it is normally 
possible to work with a galvanometer of fairly long period 
since in the case of heaters for domestic use the intensity 
near the edge of the test hemisphere is low and hence the 
rate of rise of temperature at the end of any transit is 
small. t 

It is, of course, essential that any galvanometer used 
shall have been calibrated and, if necessary, corrections 
for scale deviations should be applied. It is, however, 
usually possible in the case of most commercial instru- 
ments to choose a portion of the scale over which the 
calibration is sufficiently uniform and then to confine the 
working of the instrument within this range. 

The standard period of exposure has been fixed at 40 
seconds and the dimensions of the components of the 
radiometer have been chosen to render the cooling correc- 
tion inappreciable when the procedure outlined below is 
followed. As will be shown later, the symmetry of the 
radiation field will influence the accuracy attainable to a 
slight extent, but in no case likely to be encountered in 
practice is the effect of importance. The length and 
gauges of the iren and Constantan wires used for the 
thermocouples are chosen to equalize approximately the 
internal and external resistance of the electrical circuit 
and at the same time to minimize the temper rature co- 
efficient of sensitivity of the radiometer itself. It is not, 
of course, practicable to compensate also for the change 
in external circuit resistance with change in room tem- 
perature. In the arrangement described this influences 
the results to the extent of approximately 0°2 per cent. per 
° C. and in the results quoted below this correction has 
been applied where necessary. 

Referring to the requirements laid down, these may 
under suitable conditions be fulfilled by an instrument of 
the type described. 

Requirement (i) is fulfilled by a choice of materials such 


* Inequalities of the order of 1 per cent. between the receiving elements 
do not influence the result to an appreciable extent when the instrument is 
used as described 

+ End effects are, however, appreciable in the calibration of the radio- 
meter by static comparison with a standard, and when a long period galvano- 
meter is employed special precautions have to be taken to overcome the 
effects of lag at the end of the exposure of the radiometer 
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that the specific heat of the receivers and the characteris- 
tics of the thermocouples are independent of temperature 
over the range to be covered in the normal working of the 
instrument. It is also essential to employ a non-selective 
absorbing surface of a reasonably permanent type having 
a high coefficient of absorption. 

Requirement (ii) is fulfilled more satisfactorily by an 
instrument of the block radiometer type than by any of 
the alternative types, as, by suitably relating the mass of 
the block to the area of the receiving surface, the cooling 
correction during a reasonably short exposure can be re- 
duced to small proportions. In an instrument designed to 
integrate energy of variable intensity falling upon it over a 
conslacrable period of time it is necessary to effect a com- 
promise between the factors contributing to a high sensi- 
tivity and those contributing to a low cooling rate. While, 
therefore, it is possible for the cooling rate itself to be 
made extremely small, this may involve a sacrifice of 
sensitivity, and it is preferable to accept a small but ap- 
preciable rate of cooling and to compensate for this in the 
test procedure. 

In our integrating instrument we have eliminated the 
outstanding cooling correction by using a radiometer con- 
sisting of a balanced pair of receivers inter-connected by 
thermocoupies, These receivers are exposed alternately 
in successive transits across the hemisphere. In such a 
system the total net cooling is kept very small since the 
temperature difference between the blocks is alternately 
positive and negative, and in the course of a complete 
test the sum of the corresponding positive and negative 
cooling corrections becomes very small relative to the sum 
of the deflections themselves. The accuracy of this 
method of eliminating the cooling correction is necessarily 
dependent on the degree of symmetry of the radiation field 
through wen the instrument moves, but it is easily 
shown that changes in symmetry have only a second order 
effect on the measuremeni itself. 

To fulfil requirement (iii) with theoretical accuracy 
would complicate the method unduly, but a very good de- 
gree of approximation can be attained by limiting the 
height of the receiver to 10° of arc. There will, in general, 
be a difference in the intensity of the heat received in the 
lower and upper portions of any zone covered by the re- 
ceiving instrument in the course of a single transit. 
If the receiver be made to lie on the surface of the 
hemisphere (in what will hereafter be referred to as the 
tangential method of working) there will also be a differ- 
ence in the distances swept out by the corresponding 
edges of the receiver. As the North pole of the hemisphere 
is approached (the transits being made with uniform 
angular motion) the energy received by the upper end of 
the radiometer will tend to have more weight assigned to 
it in the resulting measurement than that which is re- 
ceived by the lower end. It will be seen that this error 
of weighting arises from the fact that when the radiometer 
is used in this manner different points on its surface do 
not occupy each element of area of the hemisphere for the 
same length of time. 

One method which has suggested itself for overcoming 
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this difliculty is to maintain the face of the receiver verti- 
eal in all zones of the hemisphere, in which case the re- 
ceive! will sweep out a portion of a cylindrical surface on 
which the projected intensity on both edges of the strip 
will have equal weight. At the same time, the application 
of the usual cosine area correction can be avoided. This 
“ vertical method * of working, while theoretically sound 




















FicurE 2.—Complete Radiometer Unit. 

for a source which is small compared with the radius of 
the hemisphere, may not be accurate in the case of large 
sources or when the source is placed markedly eccentric 
with respect to the basal plane of the hemisphere. 

Alternatively the greater the number of zones into which 
the hemisphere is divided, the less will be the difference 
in intensity between the upper and lower edges of the 
zone, and the less also will be the difference in speed be- 
tween the corresponding edges of the radiometer. Our ex- 
perience with the instrument has shown that in the case of 
a radiometer covering 10° of are the errors in either 
method of working are negligibly small except in very ex- 
treme cases of unsymmetrical distribution (e.g., when a 
large source is placed unsymmetrically in the test hemi- 
sphere). 

A further condition which must be fulfilled to ensure 
owned weight being given to all energy elements received 
by the radiometer is the maintenance of a constant angu- 
lar rate of movement. This is necessitated by the fact 
that the indications of the galvanometer in the recording 
system are proportional to the product of intensity and 
time. 

For our experimental work a pendulum-controlled elec- 
tric motor was used to drive the semi-circular are carrying 
the radiometer. This has now been abandoned in favour of 
a synchronous motor, operating through the ordinary 
power supply, which is now controlled within fairly close 
limits. While with this arrangement the time for indi- 
vidual transits may vary by + 1 per cent., the mean 
transit time for a complete test has been found to be re- 
markably constant, and the effect on the total of correct- 
ing for individual transit variations has been found to be 
negligible. 

It is essential also that the semi-circular are used to 
support the radiometer be accurately constructed, since in 
any method of test based on estimating the heat flow across 
an imaginary hemisphere, the intensity in any direction 
will on the average vary inversely as the square of the 
radius. In the construction of the apparatus to be de- 
scribed in the following Sub-section (c) care has been 
taken to reduce systematic errors. both in the are and in 
the gearing, to a point at which they can affect the result 
by less than 1 part in 500, this representing about the 
limit of accuracy attainable in the other measurements 
involved in the radiant efficiency test. 


(c) CONSTRUCTIONAL AND MECHANICAL DETAILS OF 
TESTING TABLE. 


The radiometer unit, which is shown complete in Figure 


2, is mounted so as to be capable of rotation about its 
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longitudinal axis and is provided with a stop which en- 
sures that the receiving taces are normal to the radius 
joining their centres to the centre of the test hemisphere. 
the supporting pivots are mounted on a rigid frame which 
is itselt pivoted and may be tilted about a horizontal axis 
passing through the exposed face, the frame being pro- 
vided with a scale graduated in 10” intervals, enabling 
the angle of tilt to be determined. The whole mounting 
is supported in a stirrup which may be clamped in any 
position on the semi-circular arc, the latter being marked 
at 10° intervals. ‘The radius of the arc is so adjusted that 
the hemisphere to be explored shall have a radius of 
34°4 in., as in the Leeds test. 

A light screen of plated sheet metal is attached to the 
radiometer mounting on the side remote from the source, 
the object of this being to stabilize the condition of the 
unexposed receiver during the period of a single transit. 
if no such provision were made irregularities might occur 
as parts of the room at different temperatures (e.g., win- 
dows, walls, &c.) move into the “ field of view ”’ of the 
unexposed face. A screen of small heat capacity serves 
to swamp out these short period variations, while it is 
capable of attaining rapidly a temperature representative 
of the mean conditions in the room. 

For the support of the heater under test an adjustable 
table (Figure 3) is provided which is normally set about 
3 ft. from floor level. Extending backwards from the 
basal plane of the test hemisphere for a distance of 7} in. 
is a cylindrical triple screen behind which the radiometer 
passes at the end of each transit. The outer surface of 
this attains a temperature sufficiently near that of the 
room to provide a region within which the radiometer 
reaches a satisfactory balance. 

The synchronous motor which propels the arc is mounted 
over the lower pivot of the latter and oper rates through 
suitable reduction gearing on a pinion engaging with a 
fixed rack-work of 12 in. radius, which forms part of the 
base of the test bench itself. An electro-magnetic clutch 
is provided to enable the motion of the are to be arrested 
almost instantaneously and a reversing switch is included 
in the motor circuit to enable transits to be made in both 
directions. A view of the driving mechanism on the ex- 
perimental instrument is given in Figure 4. This has been 
improved upon in later models and is now made enclosed 
to prevent particles of dust, grit, &c., from settling on 
the gears and disturbing the uniformity of the motion. 

The mounting of the are is such that the whole of the 
hemisphere between latitudes 85° S. and 85° N. may be 
explored effectively, so that a full test involves 17 double 
transits at 10° intervals of latitude. In practice, it is 
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Arrangement of Test Apparatus. 





Figure 3.- 


rarely necessary to carry out a test in this form and the 
time taken may be very materially reduced by introducing 
into the procedure the “short cuts’ to be discussed in 
the next Section. 

The possibility of disturbing effects arising due to back 
radiation from the wall behind the apparatus has been 
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eliminated by the use of a large chromium-plate pyramidal 
reflector, which covers the wall immediately behind the 
testing table. The angle at the apex of the pyramid is so 
chosen that any radiation reaching it from within the 
hemisphere will be reflected outside. 














Driving Mechanism on Experimental Unit. 


FIGURE 4. 


The apparatus is provided with a levelling device so that 
the axis of the semi-circular arc can be made truly vertical. 
USE AND CALIBRATION OF THE APPARATUS. 
(a) Test PROCEDURE. 

In the testing of heaters of the usual forms it is neces- 
sary only to make a single transit with the radiometer in 
each zone, the receiving faces being used alternately in 
alternate zones of the hemisphere. We find it preferable 
to start the test with the radiometer in the extreme South 


position. In the first exposure a small deflection of the 
galvanometer needle in, say, a positive direction is at- 


TABLE 1. 


7-Radiant High ‘‘ Beam "’ (1933 pattern) Fire. 
Normal adjustment. Reflector fender removed 
Radiometer vertical. 








Press —_— Baro- | Rate, Corr. Rate 
Time Meter in 1P-. | meter, Cu.ft Cu.Ft. per 
W.G . In. per Hr. ir. 
l 2 3 + 5 6 7 
o ; oO 22/1oths 18°9 30°07 24°23) 23°60 
18 min. 36 sec. 7°5 cu.ft. a = ‘a ) 
Gross Cal. Val = 488 Net Cal. Val. 436 
Gross B.Th.U. per hr. = 11,490 Net B.Th.U. per hr. 10,280 





Zone. Readings Deflection. 
1 2 3 
80 S Nil 
7° vT Dar Fz o's 
60 r 8°er 3°0 1'o 
5° T 2e" Fe 5°4 
40 — 2°7+10'!1 12°8 
30 +10°O—I1I'9 21°9 
20 —I1‘9+18°3 30°2 
10 +18°1—15°5 33°6 

) —15°3+18°3 33°6 
10 +18°1—14°5 32°6 
20 —14°3+12'1 26°4 
30 +12°0— 9'°0 21°o 
40 — 9°OT 477 13°7 
50 TT ¢4—> 4°3 8°7 
60 ~~ ie oF 3°4 
7O - o'O-— 3°4 2°5 
80 N — 3°5-— 2°0 I°5 

249°1 


Mean transit time 40°6 sec 

Calibration factor = 5°52 B.Th.U. per sq.ft. per hr. per scale 
div. per 40 sec. at 15° C. 

*56 B Th.U. per sq.ft. per hr. per scale 


5 
div. per 40 sec. at 19 
Area of equatorial zone = 4°50 sq.ft. 
B.Th.U. per hour radiated 249°1I x ~; xX 5°56 X 4°50 = 6,140 
40 
Efficiency gross C.V. = 53°4 per cent 
Efficiency net C.V = §9°7 
tained. After the reading has been taken the radiometer is 


then moved upwards by 10° of latitude, rotated through 
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180° on its longitudinal axis and the arc is re-started in the 
reverse direction. (It is usual to take a check reading op 
the galvanometer immediately after switching on the 
motor.) During the second exposure the galvanometery 
needle then moves past its original zero to a negative 
position and in subsequent exposures moves alternately 
to right and left approximately symmetrically about the 
zero position. Typical results are given in Tables 1 and », 


TABLE 2. 


7-radiant High ‘‘ Beam "’ fire, as Table 1. 
Radiometer tangential. 


Baro- | Rate, | Corr. Rate, 











| 
| Press. 
Time. | Meter. in. —- meter, | Cu.Ft. | Cu.Ft. per 
W.G. In. per Hr. Hr 
ae —|—— PE Oe a 
1 } 2 3 4 5 6 7 
o | ° 22/roths| 19°2 30°07 | 24°44 | = 
17 min. 13 sec.| 7°0 cu ft. he: , , i 
Gross Cal. Val 491 Net Cal. Val. = 439 
Gross B.Th.U. per hr.= 11,640 Net B.Th.U. per hr. = 10,420 
j | . . 
, Cos Corr. 
Zone Readings. Deftection. | Shc ee 
1 2 3 4 5 
80S Nil 
7° t 4°4+ 2°3 2°1 0° 342 o'7 
60 + 2°O+ 4°4 2°4 *500 1°2 
50 + £32 34 79 “643 5°! 
40 — 3°5+12°1 15°6 “766 12°0 
30 | +12°0—12'0 24°0 866 20°8 
20 } —12°0+19'0 31°0 "940 29°1I 
10 +18°7-—14'°9 33°6 "985 33°1 
o —14°8+19°3 34°71 34°I 
10 +19°1—14°8 33°9 985 33°4 
20 -14°7+16'0 30°7 "940 28°9 
30 +15°7-I1'0o 26°7 | *866 23°1 
4° —11'0+10'! 21°!I "766 16°1 
5° + 9'9-— 5'8 sy fl *643 Io"! 
60 i —- §°7+ 4°0 9°7 "500 4°9 
7o | + 3°9-— 3°0 69 | "342 2°3 
80 N. - 30+ 1°9 4°3 174 o°7 
255°6 
Mean transit time = 40°6 sec. 
Calibration factor = 5°52 B.Th.U. per sq.ft. per hr. per scale 
div. per 40 sec. at 15° C 
5°56 B.Th.U. per sq.ft. per hr. per scale 
- div. per 40 sec. at 19° C, 
Area of equatorial zone = 4°50 sq.ft. 
B.Th.U. per hr. radiated 255°6 x a 5°56 X 4°50 = 6,300 
40°6 
Efficiency gross C.V. = 54°I per cent. 
Efficiency net C.V. = 60°5 per cent. 


In the first example the radiometer axis has been kept 
vertical throughout the test by using the angular adjust- 
ment provided on the side of the stirrup. This obviates 
the need for applying cosine corrections to the individual 
readings and enables the corrected total to be attained by 
simple addition of the observed deflections. This is then 
multiplied by a time correction factor and by the area of 
the equatorial zone swept out by the exposed face of the 
radiometer. When the resulting figure is multiplied by 
the calibration factor in B.Th.U. per sq.ft. per hr. per 
scale division per 40 sec. the B.Th.U. per hr. radiated by 
the appliance under test is attained. This is then ex- 
pressed in the usual manner as a percentage of the energy 
input to the source. 

The second example is of a similar test carried out with 
the radiometer maintained in the tangential position. 
Here the cosine correction is applied to the deflection 
attained in each zone and the corrected deflections are 
summed and treated as already described. This procedure 
is the more accurate when the dimensions of the source 
are an appreciable fraction of those of the test hemisphere. 
For the majority of purposes, however, there is little to 
choose between the vertical and tangential methods of work- 
ing, and, in fact, it is usually sufficient to explore alter- 
nate zones only, i.e., to allow the radiometer to cross the 
hemisphere at 20° intervals of latitude. This is, of course, 
only permissible where the energy distribution is of a type 
known to be without sudden variations of intensity. For 
the case of cosine distribution it is shown in Appendix (b) 
that the tangential method, although less sound in theory, 
is only in error by 1 part in 1,000 whether the readings 
be taken at 10° or 20° intervals. 

Except in the case of sources of a simple type it is diffi- 
cult to compute the relative accuracies of the vertical and 
tangential methods of working and a series of comparative 
tests was made with the object of estimating the devia- 
tions between the two methods for differing types of distri- 
bution. In connection with these tests a determination 
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was made also of the rate of change of sensitivity with 
temperature for the whole circuit and it was found to be 
072 per cent. per °C., confirming the theoretical estimation 
based on the physical constants of the materials used, in- 
cluding those of the galvanometer. The variation is of a 
sufficiently small order to enable results to be corrected .by 
observing room temperature at the beginning of each test 
and using an appropriate value for the ce alibration con- 
stants. 

In Table 3 are summarized the results attained in a 
series of tests using a source giving approximately cosine 
distribution (7-radiant flat-fronted gas fire with reflector 
fender removed). 

A eeneral tendency will be observed for the efficiency 
to decrease in the course of this series of tests. Since 
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A further comparison, carried out at an earlier date on 
a fire of the same type, also with reflector fender in posi- 
tion, gave the following results :— 


Fire Symmetrically Placed 


Per Cent. Efficiency. 








> Mi > 
Test No. Procedure. Net C.V. Gross C.V. 
1 | 2 3 4 
I | Single transits at 20° intervals, radiometer | 
tangential. . - | 60°5 5471 
2 Single transits at 20 intervals, radiometer 
: 53°8 


os fs. Me cae ae 60°2 | 





the temperature was rising steadily throughout the 
series the results indicate that the temperature —— 
which has been applied is still somewhat too small, 

there is a marked increase in the recorded efficiency Room 
tween Tests 6 and 7, where an interval of about 45 minutes 
was allowed for the radiometer to cool down. Test 6 
followed Test 5 almost immediately and the total rise of 
temperature in the course of these two tests amounted to 


TABLE 3.—Tests using Source giving anproximately Cosine Distribution 


Per Cent. Efficiency. 























Test . q > ; ee epee 
No. Time. Procedure. Net c.v. |GrossC.V 
— en ai, Sian 
; 2 | 3 } 4 5 
I 11.45 a.m. | Single transits at 20° intervals, | 
radiometer tangential . . . . 62°5 55°7 
2 12. 5 p.m Single transits at 20° intervals, = 
radiometer vertical. . . . . 62°3 55°6 
12.30 Single transits at 20° intervals, 
radiometer tangential . . . . 62°3 —s | 
$ 12.50 Single transits at 20° intervals, 
radiometer vertical . 62°0 55°3 
5 2.30 pm. | Single transits at 10° intervals, 
radiometer tangential °. a 62°1 55°5 
6 SMe gy Double transits at 20° intervals, | 
radiometer tangential . . . . 61°1 54°4 
7 4-15 Double transits at 20° intervals, 
radiometer tangential » a 61°8 55°2 
8 510 ,, | Single transits at 10° intervals, 
radiometer tangential . . . . 61°4 54°8 








several degrees. The fact that Tests 5 and 6 show a dif- 
ference of + 1°0 unit (net C.V.) whereas Tests 7 and 8, 
which were repeats of Tests 5 and 6 in reverse order, show 
a difference of — 0°4 unit, tends to confirm this view. 

A second series of tests was then carried out to de- 
termine the effect, if any, of displacement of the source 
upon the result attained. The symmetry of the distribu- 
tion in this case was destroyed by placing a reflector 
fender in position on the fire used as the source, and the 
distribution was then further varied by displacements up- 
wards, downwards, forwards, and sideways. he tests 
were carried out using the single transit method (10° in- 
rata with the radiometer tangential, except where 
otherwise stated. 

The distribution attained with the fire lowered by 4% in. 
would thus appear to disturb the accuracy of the indica- 
tions of the radiometer by about + 1 per cent., according 
as the radiometer is used in the tangential or vertical 
positions. It was observed in the tests carried out with 
the source well below. the centre nosition (Table 4. Tests 
5-8) that in the case of the tangential method the readings 
in the uvper half of the hemisphere were proportionately 
higher than those in the vertical method of working. and 
this is probably attributable to reflection from the floor. 




















TABLE 4. —Effect of Displacement of the Source. 
| Per Cent. Efficiency. 
Test . as - — od 
No Time Position of Fire. SF ae - i 
Net C.V Gross C.V.| 
Ce SE ee ee Se eee 
ak 2 3 | 4 5 
I 10.30 a.m Fire centrally positioned . | 58°7 52°7 
2 Ir.to , Fire moved forward 4 in. . 58°7 §2°5 
3 | 13.45 Fire sided by 4 in. (in basal plane) . 58°5 52°6 
4 | 12.20 p.m. Fire raised 44 in. (in basal plane 
| and centrally) ene s8°7 i $§3°5 
ao) Fire lowered 43 in. . . .. . 59°4 53°1 
6 3-25 , Fire lowered 4? in. (radiometer 
vertical) . ; 58°90 51°9 
7 | 4.55 Repeat of test 6 58°5 52°4 
8 5-20 Repeat of test 5 59°2 53°0 








When the fire under test is set at its normal height, no 
such disturbance of the results has been detected. 


* It should be noted that a similar correction is necessary when using the 
Moll micropile to attain accurate results, unless the circuit resistance is 
independent of temperature over the normal working range. 


The ahove results are typical of a large number of tests 
which have been carried out with the object of checking 
up the soundness of the method. The apparatus described 
above has now been in use for routine testing for about 
three years, and in the majority of cases where abnormal 
distribution is anticipated check determinations have been 
made by the alternative methods. In no case have differ- 
ences greater than + 1 per cent. been observed. 


(b) CALIBRATION. 
Two methods of calibration have been employed :— 


(i) The sensitivity has been calculated from the known 
mass and specific heat of the blocks and the thermo- 
electric power of the thermocouples. 

(ii) The sensitivity has been determined by direct com- 
parison with our block radiometer which has itself 
been calibrated from its known heat capacity and 
exposed area. 


Applying method (i) to the experimental radiometer. 
the galvanometer deflection corresponding to a known dif- 
ference of temperature between the blocks was determined 
over a range of about 2° C. by immersing the two sets of 
blocks in adjacent oil baths fitted with suitable stirring 
devices, and establishing definite differences in tempera- 
ture between them. As the electrical circuit and galvano- 
meter were those employed in the subsequent efficiency 
tests with this instrument it was then only necessary to 
know the heat capacity and exposed area of the receiving 
elements. These had already been determined before 
assembly and the calculated calibration factor was found 
to be 8°05 B.Th.U. per sq.ft. per hr. per scale division for 
an exposure of 40°0 sec. 

After the experimental radiometer had been assembled 
and tested. a calibration was next carried out by method 
(ii), and this involved first determining the intensity of 
the energy at a given point on the hemisphere by means 
of the block radiometer, of which the calibration factor 
was already known. The integrating radiometer was then 
substituted in exactly the same position and a series of 
three pairs of exposures by the reversal method was car- 
ried out. Care was taken to choose a region where the in- 
tensity was reasonably uniform, and the integrating radio- 
meter. the exvosed face of which measures 6 in. X # in., 
was offset slightly from the centre of the block radiometer 
(exposed face 6 in. X 6 in.) so that a closer anproximation 
to the mean intensity over the face of the latter instru- 
ment misht be attained in the second half of the experi- 
ment. The calibration factor thus determined was 8°10 
B.Th.U. per sq.ft. ver hr. per scale division in 40°0 sec., 
which was in satisfactory agreement with the figure 
attoined by method (i). 

The radiometers now in use, made for us by a firm of 
instrument makers, have been calibrated by the second 
method only, and more elaborate precautions have heen 
taken to ensure an accurate comparison with our block 
radiometer than was the case in these early experiments 
with the original receiver. In the original method instan- 
taneous reversal of the receiving faces was attempted and 
not only was there a certain loss of time, but also the lag 
in the galvanometer introduced an error of doubtful magni- 
tude into the result. In subsequent determinations use 
has therefore been made of the small cooling rate of the 
blocks to vermit of a more accurate end-point being re- 
corded. The procedure now is to expose block No. 1 for 
40 seconds exactly by means of a shutter. Two or three 
seconds are then allowed to elapse before the equilibrium 
galvanometer reading is taken. The instrument is then 
reversed and a further exposure of 40 seconds, accurately 
determined by means of the shutter, is made on block 
No. 2. The loss of energy in the few seconds during which 
both blocks are shielded prior to reversal can be shown 
to have a negligible effect on the result. 

Calibrations at widely differing intensities have shown 
good agreement over the normal working range, although 
there is a tendency for the sensitivity to decrease slightly 
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at very high intensities. The variation is not, however, 
greater than may be accounted for by experimental error. 
The absolute accuracy of the results attained with any 
instrument of this type can only be relied upon within 
limits set by the variations in accepted values of the radi- 
ation constant. Careful determinations of this constant 
by different oO and different observers deviate from 
the mean by more than + 1 per cent., and it may be 
assumed that the true vaiue is in doubt to a similar ex- 
tent. The accuracy of the instrument for comparative 
purposes, however, is not limited by this consideration, 
and, using a standardized procedure, results may in fact be 
reproduced to within + 0°2 per cent. without difficulty. 


In conclusion, the Authors, whilst thanking Mr. H. James 
Yates, Chairman of Radiation Limited, for permission to 
publish these results, wish to take this opportunity of ex- 
pressing their appreciation of the encouragement received 
from him during the course of the work. 


Discussion. 


Dr. MarGaret FIsHeNDEN: Those of us who have tried 
to measure the radiation from fires know that it is not 
easy to do so with accuracy. One of the troubles is that 
the laws of radiation cannot be applied to a simple solu- 
tion, because owing to the variation of radiation with the 
ith power of the temperature it is not admissible to take 
the mean temperature of a surface area in order to calcu- 
late the radiation; moreover, for calculations of the radia- 
tion we should need to know the emissivity, which itself 
probably varies in an erratic way with the temperature. 
So that we have to fall back on direct measurements of 
radiation. So far as I know, no one has attempted to 
measure the total radiation, though I have often wondered 
why someone did not construct a large calorimeter and put 
it so close to the fire that it caught the radiation over 
practically the whole angle. It is difficult, but it might 
be useful to do that as a check. At any rate, the usual 
method had been to measure the radiation from various 
angles and to deduce therefrom the radiation over the whole 
solid angle of emission. Usually the radiation has not 
been measured in absolute units, except in the middle 
position, but a thermopile has been used to determine the 
relative amounts of radiation in the different directions, 
and it has been assumed that the thermopile reading fol- 
lows a linear law with the intensity of radiation. That is 
rather a dangerous assumption. It is not altogether easy 
to use the thermopile accurately. Of course, it could be 
calibrated over the whole range over which it will be used, 
but that does not altogether overcome the difficulty. The 
trouble is that the thermopile itself has a fairly big heat 
capacity and takes some time to get to a steady reading. 
So that its indication after any given time of exposure may 
depend on its previous history, and one has to wait until 
it has reached a steady state, or otherwise risk uncertain 
readings. That is one of the reasons, I suppose, why Dr. 
Hartley has designed his integrating radiometer, which 
sums up the radiation from a fire fairly quickly. 

Another respect in which the Leeds method has been 
criticized by Dr. Hartley is that if the distribution of the 
radiation departs far from the cosine law, or at any rate, 
if the radiation is focussed in certain directions, the com- 
putation from the readings at only certain angles may be 
pretty much in error. I agree with that criticism. At the 
same time, I should like to point out that it is exactly 
when we have fires with a rather curious distribution that 
we want to know the distribution as well as the total 
radiation; and that is a weak point of the integrating in- 
strument, I think, unless it is going to be used together 
with a rough determination of the distribution by another 
method. 

If I have read the Paper correctly, the cooling correction 
on Dr. Hartley’s instrument is small in any case. To 
some extent the readings are corrected by the fact that 
alternate faces are exposed to the fire. But the readings 
on either side of the zero of the galvanometer are not 
exactly the same, so that it is not an exact correction, 
but only an approximate correction, and I should like Dr. 
Hartley to make that clear. I gather that the cooling 
correction of the instrument is small in any case, and the 
reading on either side of zero makes it smaller still. I 
should also like to ask Dr. Hartley whether he has made 
any determinations with his integrating radiometer, usin 
only one face and putting in a cooling correction, in order 
to ascertain whether that gives the same results. 

It has occurred to me from time to time that it might 
be worth while working out an instrument of another type: 
I have not thought about it carefully, and I put it forward 
only as a suggestion. The idea is to have a small blackened 
dise or strip, probably enclosed in a water-cooled box, and 
having so small a heat capacity that it attains its full tem- 
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perature almost at once. 
tive type of instrument. 


That might be a useful alterna- 


Blackening. 


Captain A. Briackie (Fuel Research Station): I am not 
quite clear about the methods of calibration employed, 
These both seem to depend upon the assumption that the 
amount of heat received by the instrument is the amount 
of heat falling upon it—i.e., that the absorption of the 
surface of the instrument or block radiometer is perfect, 
I should be glad to know if the Authors have any data as 
to the value and permanency of the absorption constants 
of the grooved copper surfaces which receive the radiation, 
The grooving of these surfaces should go a long way io 
improve this, and I should like to know the size and angle 
of grooves employed and the method of blackening. 

On plain copper surfaces I have found that blackening 
by paints gives quite different results according to the 
method of application by brush or spray and according to 
the thickness of the film. The permanency of this method 
is also poor. To correct these faults I am at present trying 
the effect of oxidized or sulphided grooved surfaces for giy- 
ing permanency and repeatability. I think it is obvious 
that if you are able to get at a maximum absorption you 
want to be able to repeat that in making another appara- 
tus without the necessity of making elaborate tests in 
order to sce whether or not the absorption is the same. 

The problem of measuring rapidly varying sources of 
heat, such as a flaming coal fire, is of greater difficulty 
and would require more rapid scanning over the surface 
of the hemisphere than the Authors employ with their 
present apparatus on gas fires, because the fire is changing 
so rapidly. I should be glad to know what they consider 
as the minimum practical time of scanning which an 
apparatus built on their lines could be designed to give. 
Dr. Hartley has mentioned a solution of that problem, T 
think in 40 seconds. 

Mr. W. E. Benton (Cannon Iron Foundries, Ltd.): To 
calculate the possible errors very precisely the Authors 
have taken the more troublesome course of keeping their 
equations exact—i.e., without approximation. Now an ex- 
ponential cooling of so slow a decrement is very nearly 
linear, to a closer approximation it is quadratic, and for 
the greatest accuracy we should not need to go beyond a 
cubic. Equation (2) can be simplified, by expanding the 
formula to: 





T= Al - =) 
H 2 
or more accurately, 
7a Al r-< + KR) 
H 2 4 


= is obviously the temperature rise in unit time in a 
uniform distribution. During this time the cooling has in- 
creased from nothing to a fraction K, so that over the 
whole exposure it has only half the effect of its final value. 

When the distribution is not uniform but cosine, the rise 
is less. A sine curve occupies about two-thirds of the rect- 
angle which encloses it. Accurately the ratio is not 2 but 


- , Again expanding, and rejecting higher powers of K, 
T 
equation (7) reduces to: 
, 2 Al K 
«’ i (: ¢ , 


The Authors then consider a double transit on the central 
belt. At the beginning both blocks are cold. At the end 
of one transit block ‘‘ A ” is raised to a temperature which 
we can call 1--3, and block “ B ”’ is still cold. During the 
return, block ‘‘ A” cools steadily by a fraction K and 


block ‘‘ B ” rises from cold to 1 . The reading for the 


Atel 


return transit is, therefore, | + 5, which exactly com- 


r 


Il-—5 on the first transit. 


~) 


t 


If the transits 


are repeated the same thing continues to happen. The 
cooling of block “‘ A ’”’ on the return movement wipes out 
its own cooling in the previous transit and the cooling of 
‘“*B”’ in the second. 

I think this is one of the neatest conceptions ever em- 
bodied in a scientific instrument. To a first order of 
accuracy there is no error in a double transit. To a second 
order of accuracy the total for the double transit is 


2 Al 2— KI (‘+4 | 
7 H eae 


an error of only 0°03 per cent. 

in the process of calibration. 
If an efficiency measurement were made by means of a 

series of double transits, only changing latitude on one 


pensates for the 


The same error is obtained 
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side of the are, the error due to cooling would be far less 
than [he general order of inaccuracy present in the experi- 
ment. In practice, of course, the latitude is changed after 
each single sweep, and the compensation is less perfect. 
[ have worked out for my own information what cooling 
error results from taking 20° latitudes, beginning from 
80° South. In the lower half hemisphere it amounts to 
04 per cent. The calculation can easily be extended to 
the whole hemisphere. 

At first glance one would have feared that cooling effects 
due to air movement across the blocks might be consider- 
able (they would be proportional to the square root of 
the velocity), but one can see that the effect would be 
immediately detected by taking a double transit at one 
latitude. 

The defects in the present methods which the Authors 
seek to avoid are partly geometrical and partly physical. 
Any method which relies on the summation of a number 
of thermopile readings is subject to definite geometrical 
errors due to the finite number of positions and the assumed 
continuity of the radiant envelope. I made some calcula- 
tions in 1932 and 1933, and found that even when one is 
considering an infinitely small plane source the geometrical 
error may in an extreme case amount to as much as 4 per 
cent. The methods of equal areas is more suitable for broad 
distributions, that of equal angles is more suitable for 
normal and narrow distributions. For example, using the 
usual 81 positions with a medium cosine distribution, an 
infinitely small plane source being located at the centre 
of the hemisphere, the method of equal angles has a posi- 
tive error of 0°49 per cent., and the method of equal areas 
a negative error of — 2°16 per cent. The results would 
differ by 2°65 per cent. I then worked out the effect of dis- 
placing an infinitely small plane source in its own plane, 
and found no appreciable error for moderately small dis- 
placements. A 7 in. diameter disc acts exactly like an 
infinitely small source in a hemisphere of the ordinary 
radius of 344 in. It is a different matter, however, when 
the dise is displaced forward or backward. A forward 
displacement of 3} in. would depress the total read- 
ing by 0°795 per cent. in the method of equal angles, 
041 per cent. with equal areas. This whole subject 
of geometrical errors should be worked out properly 
before we dogmatize at all on the accuracy of 
efficiencies measured with the aid of a thermopile. It is 
clear to me, however, that applied in its most rigorous 
form, the integrating method does not suffer from these 
geometrical errors, and that the Authors have good grounds 
for believing that it gives absolute results of a high order 
of accuracy. 

The physical errors of a thermopile vary with the parti- 
cular instrument. We use one in the Cannon Laboratories, 
which has been calibrated by the National Physical 
Laboratory, and which works very well in ordinary routine 
testing. Nevertheless, I am inclined to believe with the 
Authors that there are errors in the results which may be 
ascribed to the thermopile, and that it is not so accurate 
an instrument as we could wish. 

Mr. J. W. Woop: The points that I should have raised 
have already been dealt with by Dr. Fishenden and Cap- 
tain Blackie. I should like to say, however, that the 
instrument which Dr. Hartley has designed is one which 
for ingenuity in conception should appeal to all his scienti- 
fic colleagues in the Industry. It is one which appeals 
to me very much as an improvement on anything else we 
have for the systematic testing of gas fires, particularly 
when it is a case of testing great numbers of fires with a 
view to effecting improvements in design and testing de- 
liveries of different types of gas fires. 

Dr. Harttey: Obviously, I cannot attempt to deal in 
detail with the points that have been raised. I was very 
pleased to hear Mr. Benton’s comment on the ingenuity of 
using two blocks and reversing them, and I want to say 
that that is Mr. Bennett’s idea. 


Accuracy of the Moll Thermopile. 


Mr. L. W. Anprew (Gas Light and Coke): I agree with 
the Authors that this method from a theoretical point of 
view is in advance of any alternative available, but as the 
results of my own experience I cannot agree with their 
doubt about the practical accuracy of radiant output 
measurements carried out by means of a directly calibrated 
micro Moll thermopile used with a slightly modified Leeds 
method of test. As the result of 7,000 or 8,000 radiant 
efficiency tests on gas fires, I am convinced that the Moll 
thermopile can give results of the degree of accuracy re- 
quired for a gas fire testing, research, and development 
laboratory. 

In order to assess this degree of accuracy I would like 
you to consider the two types of test with which any prac- 
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tical standard method of test must deal. Firstly, it must 
be possible to measure with a reasonable degree of accuracy 
the absolute radiant efficiency of a gas fire. This figure 
can be used to ascertain the heat output of a fire in prac- 
tice, to compare fires of different types and from different 
makers, and to check the performance of different de- 
liveries of fires compared with a standard sample. Those 
of you who are familiar with radiant efficiency measure- 
ments will appreciate that a great accuracy in the measure- 
ment of radiant efficiency will be obscured by variations 
from fire to fire due to manufacturing tolerances, gas 
quality, the exact setting of the fire, &c. Secondly, it 
must be possible to measure accurately small variations in 
radiant efficiency due to detailed modifications and experi- 
ments carried out in the development of a fire and during 
research work. These more accurate measurements are, 
however, comparative, and the exact absolute value of 
any one of the radiant efficiency determinations is not <o 
significant. 

An examination of the results which have been obtained 
at Watson House, using a calibrated Moll thermopile, lead 
me to believe that the method of test gives results to the 
following degree of accuracy: 


Absolute value of radiant efficiency— +3 per cent. 
—t.e., + 1} units on a normal fire. 

Comparative value of radiant efficiency between fires 
of different makes and with different distribution 
characteristics— +2 per cent.—i.e., + 1 unit on a 
normal fire. 

Comparative value of radiant efficiency during re- 
search and development work— +1 per cent.—i.e., 
+} unit on a normal type of fire. 


A micro-pile is used in conjunction with a radial arm 
calibrated in Russell angles to give 81 test positions. This 
thermopile is calibrated by the heat balance method 
against a standard fire. The standard fire is a normal 
type of fire lagged to reduce heat losses from the back and 
side surfaces, and from the flue to about 3 per cent. of the 
heat input. A specially shaped lagged flue nozzle is incor- 
porated so that the products of combustion are well mixed 
and there is the minimum temperature gradient between 
the flue gases and the walls of the flue. The maximum 
temperature gradient across the flue is 7° F. The esti- 
mations of CO. in the flue gases and in the air are done 
initially by gravimetric analysis. 

The heat passing up the flue can be calculated and the 
heat losses from the sides and back of the fire and flue. 
The remainder of the heat input is the forward radiant 
heat from the fire. The thermopile can then be calibrated 
against a source of known radiant heat output, and one 
which is typical in heat output, size, shape, and wave- 
length emitted. 


Heat Balance Checking. 


Once the standard fire has been calibrated a special 
burner fitted at the base of the flue, just above the radiants, 
gives a simple method of checking the flue loss of the fire 
during a recalibration of the thermopile. The first four 
results carried out on the standard fire, during a period 
of about a fortnight, gave a calibration factor for the 
thermopile with a variation from the mean value of + 
3 per cent. I should be most interested to know if the 
Authors have checked the calibration of the integrated 
radiometer by means of a heat balance, as such a method 
does give it a final and positive check. 

A series of tests were recently carried out on a number 
of radiants differing slightly in internal structure. Four 
observers were involved, working in pairs, and each test 
was repeated by a different pair of observers. The maxi- 
mum variations obtained due to personal error were + } 
per cent. on the radiant efficiency. There was no difficulty 
in repeating the results obtained from the different radiants 
to an accuracy of + 1 per cent. It will be appreciated that 
it was necessary to repeat tests with the same radiants in 
the same fire on gas of the same quality in order to repro- 
duce results to this degree of accuracy. 

At one time difficulties were experienced with a micro 
thermopile, due to change in calibration factor, over a 
period of a few weeks only. These difficulties have in- 
variably been traced to a new thermopile or a recently 
repaired one. During the first year of use it is a wise pre- 
caution to check the calibration each month, but after 
that very little change can be detected over a period of 
two or three years. It is essential to consider more care- 
fully the claims of the Moll thermopile before changing 
over to a method which is less simple and much more 
expensive. I am hoping soon to be able to compare in 
detail the integrating radiometer and the thermopile, and 
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perhaps then I shall be happier about the new method 
and unhappier about the old. 


Effect of Temperature on the Thermopile. 


Mr. H. J. Hopsman: I was one of the first to use the 
Moll thermopile for testing gas fires, finding it superior to 
instruments previously available, especially in the rapid 
response. Hitherto no one has published a critical study 
of its performance, and hence this Paper will be welcomed 
by all with experience of such measurements. 

With regard to the effect of temperature on the thermo- 
pile, I remember leaving the instrument in front of a 
gas fire for 45 minutes, during which time the galvanometer 
deflection remained steady. I am, then, surprised that the 
Authors found the error due to temperature so large as 
stated. Direct measurements of heat inspire more con- 
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fidence than those inferred—e.g., from the behaviour of 
a thermopile. In this respect the new instrument shares 
the advantage of the block radiometer. Also it is free {rom 
the uncertain absorption of heat by the window of the 
Moll thermopile. Nevertheless, our Moll thermopile has 
always shown a response as nearly linear as would he 
expected from the methods of calibration. In Table 1 jt 
is shown that there is a plus error at high intensities and 
a minus error at low intensities. In an actual fire test 
these errors do not all have the same weight. Small read- 
ings have a correspondingly small influence on the agere- 
gate of radiation, and this is reduced when a cosine correc- 
tion is applied. Moreover, they tend in some measure to 
compensate high readings at higher intensities. It would 
be interesting to know how these partial errors, in the 
aggregate, influence the resultant figure of efficiency—e.z., 
in the example given in the Paper. 





2nd Report ofthe Research 


Executive Committee; 
1935-36 


Communication No, 139 
ResearcH EXECUTIVE COMMITTEE. 


The Members of the Research Executive Committee of 
The Institution of Gas Engineers for 1935-36 were :— 

Frank P. Tarratt, M.Inst.C.E. (Chairman); E. V. Evans, 
O.B.E., F.1L.C. (V ice- Chairman); H. C, Smith, M.Inst.C.E. 
(Honorary Secretary); H. Hollings, M.Sc.; Stephen Lacey, 

B.Sc., M.Inst.C.E.; H. D. Madden, M.Inst.C. E., 
M.I. Mech. i ll A. Masterman, M.A., M.I.Mech.E., 
a rm F. E. Rhead, M.Sc., F.I.C.; "E. W. Smith, 
C.B.E., D.Se., F.1.C.; the President, the two Vice-Presi- 
dents, and the Honorary Secretary of the Institution (ea- 
officio). 

The Arthur Duckham Research Award for 1936-37, being 
the First Award, will be granted by the Council—on the 
recommendation of the Arthur Duckham Memorial Fund 
Committee constituted by the Trust Deed—at its next 
Meeting. It takes the form of a Fellowship of the value 
of £350 for the purpose of investigating abroad for one 
year recent developments in the manufacture, distribution, 
utilization and/or supply of Gas and its by-products. 

On_ the recommendation of the respective Committees 
the William Cartwright Holmes Scholarship in Gas Engi- 
neering and the Corbet Woodall Scholarship in Gas Engi- 
neering have been awarded for 1936-37 to Mr. D. W. Davi- 
son (Dunfermline) and to Mr. D. G. R. Davies (Keighley). 

The Report of the Livesey Professor to the Advisory 
Committee on the Livesey Professorship of Coal Gas and 
Fuel Industries at the University of Leeds for the Session 
1934-35 has been received, and copies can be obtained from 
the Secretary of the Institution. 

The Offices and Library of the Institution were moved on 
25th September, 1936, to 1, Grosvenor Place, London, 
S.W.1. The Library provides better reading accommo- 
dation and increased shelving for the continually growing 
number of accessions. 


Investigations. 

Three Research Chemists and five (now four) Research 
Assistants were retained during 1935-36 in connection with 
Leeds University for the conduct of the investigations de- 
scribed in the Reports of the Joint Research Committee 
and the Liquor Effluents and Ammonia Committee. The 
Gas Research Fellow carried out investigations at Leeds 
University under the direction of the Livesey Professor 
until 29th February, 1936, when he resigned the Fellow- 
ship on his appointment as a Research Assistant (Proba- 
tionary) to the Joint Research Committee. _ The Fellow- 
ship, thus vacant since Ist March, 1936, will shortly he 

ed. 

Researches of practical interest to the Gas Industry con- 
tinue to be conducted at the Laboratories of the British 
Refractories Research Association, under the guidance of 
the Refractory Materials Joint Committee. These various 
researches and the work of the other Technical Committees 
dealing with Gasholders. Lighting, Meters, Pipes and Puri- 
fiers and responsible to the Research Executive Committee, 
are summarized in this Report. 

Other technical developments at home and overseas are 
being watched, amongst others the processes for the re- 


moval of carbon monoxide from town gas, the position 
regarding which appears to be essentially the same as out- 
lined in the Ist Report of the Research Executive Com- 
mittee; 1934-35 (p. 6). 

The Institution of Gas Engineers continues to support 
the investigations of the Association of British Chemical 
Manufacturers into Methods for the Detection of Toxic 
Gases in Industry and the Standardization of Performance 
Tests for Industrial Respirators. 

The Committee has been materially assisted in its con- 
sideration of research problems affecting the Gas Industry 
by valuable Memoranda and Reports which have been re- 
ceived from various sources and of which acknowledgment 
is made. 

The Joint Research Committee and the Liquor Effluents 
and Ammonia Committee have continued their investiga- 
tions, that relating to Corrosion from Products of Combus- 
tion of Gas under conditions of practically complete con- 
densation of the water vapour in the combustion products 
having been terminated. 

The Joint Research Committee is giving close attention 
to possible methods of gas manufacture which may form 
alternatives to present methods of carbonization and ‘give 
to the Gas Industry a greater freedom in determining the 
relative yields of primary and secondary products. With 
this object in view laboratory investigations have been 
commenced into the complete gasification of coke in oxygen 
and steam. -It is realized that the complete gasification of 
coal in itself offers no difficulties. The real problem which 
is being investigated is the production by complete gasifi- 
cation of gas of a quality suitable for distribution as town 
gas. It is the view of the Joint Research Committee that 
the necessary enrichment of complete gasification gas can 
be effected by methane synthesis under high pressures. It 
is considered that the field to be covered by these investi- 
gations will be a wide one, and with this in view the co- 
operation of the Fuel Research Board has been invited and 
a Joint Committee on Comovlete Gasification has _ been 
formed consisting of the following representatives of the 
Joint Research Committee of the Institution and Leeds 
University ond of the Fuel Research Division of the De- 
partment of Scientific and Industrial Research :— 


Chairman: 
V. Evans, O.B.E. 


Representing the Joint Research Committee of The 
Institution of Gas Engineers and Leeds University : 
Professor J. W. Cobb, C.B.E. 
H. Hollings, M.Sc. 
H. C. Smith. 


Representing the Fuel Research Division of the De- 
partment of Scientific and Industrial Research: 
Professor A. C. G. Egerton, F.R.S. 


G. A. Hebden. 


F. S. Sinnatt, C.B., M.B.E., D.Sc. 


A visit has been paid to Germany by the Technical 
Assistant Secretary of the Institution and Dr. F. J. Dent 
(Research Chemist) with the object of obtaining some de- 
tails regarding a process for the complete gasification of 
brown coal. Some interestine information was obtained. 
but it is clear that the wide difference between brown coal 
and bituminous coal makes a great difference to the nature 
of the problems involved in the complete gasification of 
these fuels. 


Kindred Organizations. 


The Institution continues to take an active part in the 
work of the International Gas Union and its representatives 
have attended during 1935-36 the meetings on the Conti- 
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nent and in London of the Council of the Union and of its 
International Committees on Methods of Testing and 
Guaranteeing Gas Making Plants, and Co-ordination of 
Methods of Testing Gas Appliances. These Committees 
are preparing Reports for presentation at the Third Inter- 
naticnal Gas Congress in Paris in June, 1937. 

The Institution continues, through the Gas Industry 
Committee, Technical Committees, and otherwise, to co- 
operate with the British Standards Institution in their 
preparation of British Standard Specifications. Its thanks 
are due to its representatives for their assistance and time 
given to this work. 

The Institution sponsored the five following Papers at 
the Chemical Engineering Congress of the World Power 
Conference in London in June, 1936 :— 

(1) “‘ Refractories for Use in the Carbonizing Indus- 

tries,’’ by A. T. Green and F. H. Clews. 

(2) ‘“ Production and Treatment of Road Tar in Great 

Britain,’’ by W. E. Cone and W. J. Chadder. 
(3) ‘‘ Recovery of Benzole from Coal Gas,’’ by W. G. 
Adam and G. J. W. Anderson. 

(4) “* Development of Chemical Engineering in the Gas 

Industry,’’ by T. Campbell Finlayson. 

** Technical Education in the Gas Industry,’’ by 

C. H. Creasey. 


— 
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Joint LIGHTING COMMITTEE. 


The membership of the Joint Lighting Committee for 
1935-36 was as follows :— 


Stephen Lacey, B.Sc., M. Inst.C.E. (Chairman); W. J. A. 
Butterfield, | Ye 2 IC; J. G. Clark; W. J. G. Davey, 
B.Se.; Harold Davie Ss: J. rE Davis; George Dixon, B.Eng., 
M.Inst.C .E.; W. R. Edgar; E. V. Evans, O.B.E., | Pe we 
J. Weathe rall Fore man; F. J. Gould; A. R. McGibbon; 
James Jamieson; C Masterman, M.A., M.1.Mech.E., 
F.LC.; F. C. Smith; H. C. Smith, M.Inst.C.E.; Robert 
Watson; the President, the two Vice-Presidents, and the 
Honorary Secretary of ‘the Institution (ex- officio). 

The Committee continues to examine the possible initia- 
tion of additional research to increase the efficiency of gas 
burners, mantles and switches, and is carrying out investi- 
gations into various problems relating to gas lighting in 
general. To assist in the consideration of the more special- 
ized matters, it has appointed a Technical Sub-Committee 
which has, inter alia, discussed with representatives of the 
Makers of domestic gas burners technical problems relat- 
ing to domestic gas lamp burner design. 

The Committee has also appointed a Commercial Sub- 
Committee to deal with matters more specifically relating 
to the commercial side of gas lighting. 

Consideration has been given to the Interim Report of 
the Departmental Committee on Street Lighting of the 
Ministry of Transport and the comments of the Joint Light- 
ing Committee upon the Interim Report have been sub- 
mitted to the Minister of Transport for consideration. 

The British Standard Specification for Street Lighting is 
still under revision by the Street Lighting Committee of 
the British Standards Institution, on which the Joint 
Lighting Committee is represented and whose work is ad- 
vancing slowly owing to the proceedings of the Depart- 
mental Committee. 

The proposed Specification for Low Pressure Gas Mantles, 
prepared by the Joint Lighting Committee, has been 
further revised by a Sub-Committee consisting of repre- 
sentatives of the Committee and of the Mantle Makers and 
tests have been made to clarify certain points. It is hoped 
shortly to submit a final draft of the Specification to the 
British Standards Institution for publication. 

At the request of The British Gas Federation an Ad Hoc 
Committee, composed of representatives of the Joint Light- 
ine Committee and of the Lighting Section of the Society 
of British Gas Industries, has been set up to consider the 
whole problem of Public Lighting. This Committee has 

made an Interim Report to the Joint Lighting Committee 
and the Lighting Section for transmission to the Council of 
the Federation. 

The Joint Lighting Committee has under examination 
means of providing for the instantaneous extinction of gas 
street lamps in the event of aerial attack. and has tested 
and is testing various special devices for the purpose. It 
would point out that means do exist and are in use for the 
extinction from a central point of all gas street lamps. The 
difficulties that mav be met with. depending on local con- 
ditions, avoly equally or even more in many cases, to other 
types of illumination. Until the Defence policy is defined 
and the requirements of the Home Office are precisely 
known. the provision of any special means of extinction 
may subseauently be found unsuitable or even redundant. 

At the 12th Annual Meeting and Conference of the Asso- 
ciation of Public Lighting Engineers in Cheltenham from 
7th to 10th September, 1936, two Gas Lighting Papers, 
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dealing respectively with ‘“‘ Some Further Aspects of the 
Street Lighting Problem ”’ and ‘“‘ Modern Gas Street Light- 
ing Installations ’’ were presented and discussed. Close 
co-operation is maintained by the Joint Lighting Commit- 
tee with this Association and with other National and In- 
ternational Lighting Organizations. 


Merers COMMITTEE. 


The Membership of the Meters Committee for 1935-36 was 
as follows :— 


John Terrace, M.Inst.C.E. (Chairman); H. E. Bennet, 
[f.: BR. J. B. Clak: C. ME Croft, J.P., M.Inst.C.E., 
M.I.Mech. E.; H. W. Hodgson; Stephen "Lacey, B.Sc., 
M.Inst.C.E.; L. F. McLeod, O.B.E.; J. W. McLusky, 
M.I.Mech.E.; ) Marsh: C. A. Masterman, M.A., 
as naam F.ILC.; C. H. Rutter, M.Inst.C.E.; W. J. 

Sandeman; Charles S. Shapley, M.I.Mech.E.; Frank P. 
Tarratt, M.Inst.C. E.; the President, the two Vice-Presi- 
dents, and the Honorary Secretary of the Institution (ez- 
officio). 

The 1st and 2nd Reports of the Meters Committee, pub- 
lished in November, 1935, have been widely circulated, 
and it is gratifying to note the increasing use of Gas 
Meters complying with ‘‘ The Institution of Gas Engineers’ 
Specification for Gas Meters for Domestic Consumers.”’ 


=. 


Pires COMMITTEE. 


The Pipes Committee is being re-constituted under the 


Chairmanship of Mr. H. J. Escreet, B.Se -Eng. 


PURIFIERS COMMITTEE. 


The Membership of the Purifiers Committee for 1935-36 
was as follows :— 

Charles S. Shapley, M.I.Mech.E. 
Blundell, M.Inst.C.E.; Thomas Carmichael, M.Inst.C.E., 
M.I.Mech.E.; J. W. Napier; E. G. Stewart; Frank P. 
Tarratt, M.Inst.C.E.; E. B. Tomlinson, M.Inst.C.E.; F. H. 
Vince, M.I.Mech.E.; the President, the two Vice-Presi- 
dents, and the Honorary Secretary of the Institution (ez- 
officio). 

The Committee has prepared, in conjunction with the 
Home Office, and hopes shortly to publish an agreed set 
of Voluntary Rules indicating the procedure and precau- 
tions to be observed for the avoidance of explosions, fires 
and personal injuries. 


(Chairman); J. E. 


Introduction. 


Mr. F. P. Tarratr (Newcastle-upon-Tyne): It is grati- 
fying to know that the Arthur Duckham Research Award 
has been granted by the Council for the first time this 
year. The fellowship has been awarded to such a 
promising man as Dr. Haffner, who doubtless will benefit 
from his investigations on the Continent which will ulti- 
mately penetrate the laboratories of this country. 

This avenue for research is now open for all time to 
men of scientific promise in the Gas Industry, and I am 
personally gratified that it should have been established 
on a secure foundation as it was during my year in the 
Presidential Chair that the Memorial Fund was launched. 
At to-day’s meeting we have to present to you a record of 
our research operations for the past year and to ask our- 
selves what we have actually achieved in exchange for the 
money expended in the work carried on by the Joint 
Research Committee. The monumental Paper on gum by 
Mr. Hollings and the other Papers presented at this meet- 
ing surely justify the Committee in feeling that problems 
are being solved that must prove of inestimable benefit to 
all our undertakings. 


Discussion. 


Mr. H. Hoiiines (Gas Light and Coke): The Report as 
it stands is far too modest. It is obvious, from the nature 
of the various contributions to this meeting, and from the 
remarks of various speakers, that a change on the focus of 
our work has taken place during the last year or two, and 
I would have wished that the Committee had attempted 
to define this change in the Report for the guidance of the 
members of the Institution. Two important changes have 
taken place. In the first place, we have reached the end 
of an era when rapid strides were made in the mere techni- 
eal efficiency of gas manufacture and utilization. We 
accept a high efficiency as a matter of course to-day, and 
our real interests, quite rightly, are focussed upon ques- 
tions of quality, utility, and economy of labour rather 
than upon mere thermal efficiency. The fashion has been 
set perhaps by the salesman with his enamelled cooker. 
But it will prove a healthy fashion to the manufacturing 
side of the Industry also. A few years ago the thermal 
balance-sheet was the central feature of many of our re- 
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searches. It is not necessary to make any apology for 
that, but I think that Dr. Dent will be called upon to look 
very carefully at the quality of any gas he makes in future, 
and then to consider such questions as cost of labour, 
working conditions, and compactness of plant before mere 
thermal efficiency of the process. 

The second change has been the recognition that the 
staff working for the Committee need no longer examine 
existing established methods, and that they may perhaps 
be employed more profitably at the University investt- 
gating new problems. This indicates that a much longer 
view is being taken and that the Research Executive Com- 
mittee now holds a more courageous belief that the Gas 
Industry is more “ research-minded.’’ Dr. Harold Hartley 
made some reference yesterday to the advantage in re- 
search of consultation with specialists in allied sciences. 
That surely is one great advantage of our close association 
with the University, and I am very pleased to see that 
that association, and also our association with other 
centres, such as the Mellor Laboratory and the Fuel Re- 
search Station, becomes even closer in the new programmes 
of work which have been arranged. 


sé 


A Research Association. 


Dr. G. E. Foxwett: We might possibly investigate 
whether we are doing enough research, whether there is 
any means of doing more, and whether we are doing it in 
the right way. It is rather ingenuous of me, perhaps, to 
ask whether we are doing it in the right way after what 
has been stated in the Report. When a problem has 
arisen, somebody has arisen to solve it. The gum problem 
is a case in point, and there are others. But, according 
to the Department of Scientific and Industrial Research, 
during the two years 1933-35 the electrical industry has 
increased its collective research expenditure from £44,000 
to £64,000 a year. That does not take into account all 
the private research done by the makers of apparatus in 
their own individual laboratories. Therefore, I wonder 
whether, if we set down all the possible things in which 
we ought to do research, we ought to have a research 
association, or whether our present method of farming out 
the work here, there, and everywhere, which we are able 
to do by the generosity of private organizations, and doing 
such as we can do ourselves, is the best method. So that 
my first suggestion is that the Institution should approach 
the British Gas Federation, in order to see whether we 
cannot place research on a steady and much larger basis, 
if it is deemed desirable to do so. 

My second criticism is perhaps rather unkind. Mr. 
Evans was rather pleased yesterday about the new 
orientation of research, the fact that we are looking into 
the future to find a new method of making gas. But for 
two reasons I am wondering whether we are looking in the 
right direction. According to the Report and to Mr. 
Evans’ remarks we visualize a ‘‘ completely gas ”’ in- 
dustry without any by-products whatever. If we are 
going to have a ‘‘ completely gas ”’ industry we have got 
to replace solid fuel by a fuel which is as cheap to the 
poorer sections of the population. I really cannot see at 
the moment that the use of oxygen and the catalyst 
method of production of methane, with no by-products 
whatever, will produce gas anything like so cheaply as we 
are producing it to-day. 

The next problem I wish to refer to is a national prob- 
lem. We have only a limited supply of coking coal in this 
country and a very limited supply of first-class coking coal; 
70 per cent. of our coal is non-coking. The iron and steel 
industry, upon the prosperity of which we depend as much 
as does anybody else, must have the best coking coal that 
the country can produce, otherwise the efficiency of the 
iron and steel making processes deteriorates badly, and 
we lose such of the foreign markets as we still have. I 
suggest, therefore, that the Gas Industry does not need to 
use coking coal of the very best quality, and I am not 
sure that, if research were taken far enough, we should 
need a coking coal at all. Now that we are beginning to 
look ahead, I suggest that we ought to consider whether 
the Industry can use an entirely non-coking coal—not even 
a blend. A non-coking coal has the advantage that it 
yields a very combustible coke if treated in the right way. 
Moreover, the collieries are now beginning to break their 
coal. We say that in future people will use only gas for 
heating. But I was at the National Coal Convention last 
week and we were told there that ten years hence people 
will be using coal mostly, with gas only in the bedrooms. 
But there is the point that the coal industry is now break- 
ing down its large house coal (which formerly was sacred) 
and is producing coal.in the grades and sizes that each 
industry wants; the result is that a very great deal of slack 
is being made and for which, I think, in time there will 
not be the same call as there is at the moment. I would 
refer you to the Paper by Herr Allner, presented to the 
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Chemical Engineering Congress this year, in which he 
showed how lignite, which is completely non-coking, js 
being used in Germany for the manufacture of town «as, 
When the price of brown coal is 11 RM. per ton he cap 
make his gas at 2.65 pfennigs per cub.m. I interpret tat, 
in English terms, as meaning that, with brown coa! at 
lls. per ton, we can make gas at 2d. per therm. In his 
case there was no coke surplus, because the whole of the 
fuel was used in the retort. One method of doing that js 
to briquette the material before putting it in, and then 
you get coke almost as hard as furnace coke, and very 
combustible. 

There is coming into use a solid fuel for vehicles used 
in gas producers. Our gas coke is not suitable for that, 
because it is not sufficiently combustible, and goes out as 
soon as the engine is turned off. But at the National Coal 
Convention it was emphasized over and over again that 
you have 80 per cent. saving of fuel if you use gas pro- 
ducers burning solid fuel. 

With regard to benzole, there are very few who agree 
with Mr. George Helps, who for years has advocated gas 
of low calorific value, but, at the same time, the general 
tendency is to reduce calorific value. If we reduced it a 
little more most of our gas-works could take the benzole 
out of the gas completely without any difficulty. 

Dr. Harotp Harttey: It is very difficult for people in 
works organizations to get down to the study of funda 
mental problems, but I am sure the people in the universi- 
ties will gladly help. Any pure research worker would 
prefer to tackle some problem which he or she feels will 
have an industrial result ultimately than to tackle some- 
thing which may be for the time being of purely theoretical 
interest. The Chairman of the Executive Committee has 
referred to the Duckham Fellowship. I am very pleased 
to hear him mention that the holder is to go abroad; I was 
going to ask whether the Industry had considered the 
possibility of increasing these Fellowships and extending 
them to other universities, as well as allowing the holders 
to go abroad. We have got to do all we can to encourage 
younger men, to ensure that we get into the Industry men 
who are highly trained in science. It will pay us to do so. 
No doubt this has been considered, but you have a very 
wide range of researches in hand. It was most interesting 
to listen to Mr. Evans yesterday; and, although I am not 
connected with the gas manufacturing side of the Industry, 
I do not remember any meeting which I enjoyed so much 
as the meeting this morning at which Mr. Hollings pre 
sented his Paper on gum formation. We have also 
physical problems, and so on, to tackle. Have you con- 
sidered appointing a full-time Director of Research, whose 
job it would be to handle all these researches. He could 
not do them all himself, but he could be the liaison officer 
and could work in intimate contact with the committees 
and with the men who are doing the actual reesarches. I 
suggest that you do not merely form committees and allow 
them to fade away. I am on a committee which has met 
only twice and has not met for several years now; its pur- 
pose was to deal with the question of testing gas fires. If 
work is referred to a committee it should be brought to 
fruition, and it was with that in mind that Mr. Bennett 
and myself chose the subject of our Paper. It would be 
worth while taking that subiect further. We should trv 
to have it brought before the British Standards Institution. 





B.S.I. Committee on Street Lighting. 


Mr. C. A. Masterman: Little progress has been possible 
on the B.S.I. Committee for Street Lighting, on which are 
representatives of the Institution, in view of the setting 
up of the Ministry of Transport Departmental Street 
Lighting Committee, whose findings must necessarily 
qualify any revision of the Street Lighting Specification. 

am a member of this Ministry Committee, whose dis- 
cussions it would obviously be improper for me to report 
but I may say due attention was given to the letter of 
comment submitted to that Committee by the Institution 
subsequent to the issue of the Interim Report. Some 
months must elapse before the Ministry Committee can 
finally report, and you will all appreciate that on so com- 
plex a subject there is ample room for differences of 
opinion which must be reconciled before any report can 
be really effective. I hope it is not improper for me to 
say that although the Interim Report has met with quite 
a lot of criticism, a great deal of this criticism on careful 
inspection is found to be due to incorrect reading of the 
Report rather than inherent deficiencies in the Report. I 
trust that in the drafting of the Final Report there will 
be less room for misunderstandings to arise and that the 
Gas Industry will play its important part in applying in 
practice the recommendations which will firally be sub- 
mitted to the Minister. , 

There is one special matter which has occupied the at- 
tention of your Committee as it has also created anxiety 
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in the minds of a number of members of the Institution. 
The present uncertainty in connection with international 
relations has led to there being set up a Committee of the 
Home Office responsible for Air Raids Precautions. This 
Committee is in touch with local authorities and has issued 
several leaflets, in some of which has been mentioned the 
need for rapid extinction of street lamps in the event of 
emergency. In some cases the local authorities very 
naturally approach the local gas undertaking to find out 
what can be done along these lines. Such a situation 
could easily lead to considerable misunderstandings and 
confusion. We have therefore established touch with the 
Home Office Committee and have explained fully to them 
the difficulties which confront the lighting contractors, 
whether they be gas or electrical undertakings, unless the 
precise requirements be stated, 

Just as soon as the situation becomes clearer the Joint 
Lighting Committee will undoubtedly issue such advice as 
appears appropriate and, meanwhile, you may rely upon 
our contact with the Air Raids Precautions Committee 
being closely maintained. 

May I also briefly refer to this general question of re- 
search as it affects the Gas Industry? Those of us, like 
myself, who are closely connected with research must feel 
some disagreement with the point of view expressed in 
this discussion and elsewhere that we must, come what 
may, spend more money on research. An invidious com- 
parison has been made between the money spent by the 
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Gas Industry and the money spent by a competitive in- 
dustry. This is quite irrelevant and misleading. In this 
country at the present time vast sums are being expended 
on research and a great deal of this research is of interest 
in one way or another to the Gas Industry. Do not let us 
put a fence round a few research items and say they are 
our research items and ignore the vast benefits we can 
obtain from all this other mass of research actively in 
progress. I do not feel we are entitled to spend any more 
on research on our own initiative until we are quite satis- 
fied we are making the fullest use of the many researches 
now in progress in this country and abroad. 

There is something about the word ‘“‘ Research ”’ that 
makes it appear very remote and mysterious. It tends to 
be spelt with a capital R and nowadays it is almost suffi- 
cient for any firm or business to claim to be spending some 
sum on research to qualify thereby for a kind of re- 
spectability. To use research and moneys spent on re- 
search solely as a form of publicity is to create a serious 
abuse. Research is in no sense a remote matter and only 
consists in the measurement and co-ordination of facts, 
the facts being those directly or indirectly, present or 
future, of the most intimate professional importance to us 
all. It matters little whether the measurement which 
constitutes research is carried out by the Institution or by 
undertakings, or appliance manufacturers, or by bodies 
entirely outside the Gas Industry provided only we take 
full advantage of the result. 


Research Luncheon 


The usual luncheon in connection with the Autumn Research 
Meeting was held at the Savoy Hotel on Tuesday, Nov. 3, 


the PRESIDENT (Mr. Stephen Lacey) in the Chair. 


There 


was a gathering of about 170. 


After the Toast of ‘‘ His Majesty the King ’”’ had been 
honoured, 

The CHAIRMAN proposed ‘‘ The Guests ’’ and said the 
chief purpose of the luncheon—the eighth of its kind—was 
to bring together as many as possible of those who were 
actively engaged in, or otherwise concerned with, the Re- 
search Investigations and Technical Education work for 
which the Institution was responsible, thus providing the 
Council with a most welcome opportunity of making grate- 
ful acknowledgment to all—whether members of the In- 
stitution or not—who assisted in making the work as a 
whole increasingly effective and valuable. The guests 
represented so large a proportion of this gathering that 
he would take more than his share of the time available for 
speeches if he were to do full justice to the Toast by refer- 
ence to all the distinguished guests, both inside and out- 
side the Gas Industry. Therefore, at the risk of appearing 
discourteous he must save time by giving one compre- 
hensive and very hearty welcome to all the guests, only 
mentioning by name Sir David Milne-Watson, who repre- 
sented them all in his capacity as Chairman of the British 
Gas Federation. 

In the name of the Institution, continued the Chairman, 
he thanked the Chairmen and members of the Research 
and Education Committees, upon whose voluntary efforts 
a large proportion of the Institution’s work for the In- 
dustry depended. Thanks were also due to the Institution 
Research Chemists, and especially to the Authors of the 
Papers presented at the Research Meeting and to the 
Directors of the Companies owning the laboratories for 
which those Authors were responsible. 

In conclusion, the Chairman said a few words about the 
history of the Institution’s research and investigation work 
which he believed to be now at the beginning of a new 
lease of life. 


“é 


Importance of Research. 


Sir Harotp Harttey, Kt., F.R.S., responding to the 
Toast, thanked the President for the very charming wel- 
come he had given to the guests. Continuing, Sir Harold 
said he had been asked to say something about research, 
and if he had to take an example showing the importance 
of research in industry, what better example could he take 
than the Gas Industry itself? Many of them had seen the 
great changes that had taken place in the last quarter of a 
century, the great increase in efficiency of manufacture, 


improved methods of purification, and improved appliances 
which, after all, were due largely to the use of scientific 
methods and of research. It was impossible to put a 
money value on it, but in the Forrest Lecture he had 
illustrated it by saying that increased efficiency in carbon- 
ization alone between 1910 and 1930 had meant an annual 
saving of £10,000,000 a year to the Industry. That de- 
velopment was due partly to the efforts of the Joint Re- 
search Committee, with which they would always associate 
the names of Professors Bone, Cobb, and Smithells, and it 
was also partly due to the individual efforts of under- 
takings which, thanks to the activities of their staffs, had 
been made generally available. He always felt that the 
Gas Industry was in a particularly happy position with 
regard to research, for, after all, in one sense it was not a 
competitive industry although they lived in a very com- 
petitive age. They competed with one another in a happy 
rivalry in showing the best technical and financial results, 
but the strength of the Industry was the sum of the 
strengths of all the units in it, and that enabled them to 
pool the results of their research, and in that way each of 
them had the benefit of the other’s experience. The re- 
sults of this were to be seen in the Reports and Papers 
presented at this Research Meeting, for these Papers be- 
tween them covered most of the vital problems of manu- 
facture, distribution, and appliances, and, moreover, these 
Papers came from all sections of the Industry. They came 
from researches that were sponsored and directed by the 
Institution, they came from researches of individual under- 
takings, and they came from the research laboratories of 
manufacturers. What better proof could there be that 
there was a community of interests in the Industry in 
respect of research? 

The Institution, of course, had a great responsibility 
with regard to research, and if he might suggest it, it 
seemed to him that the function of the Institution through 
its Executive Research Committee was to guide and co- 
ordinate all these researches, to see that the ground was 
covered and that there was no wasteful overlapping. 

Research in the Gas Industry ought to be ‘ under the 
wing ”’ of the Institution, all of which implied a united 
family and ‘an encouragement to the production and 
nursing of new ideas. 

Research really depended primarily on the individual. 
Research would always be an individual matter in that it 
would depend upon having on their staffs men with ideas 
and who could conduct the investigations that were needed 
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at the moment. The next thing was the question of prob- 
lems, and it was necessary to choose problems which were 
most likely to be of commercial value. These problems 
might be what could be called immediate problems or they 
might be long range problems, but in the choice of them 
it was necessary to be what might be described as net 
revenue minded. It must not be forgotten that although 
research was charged to revenue it represented an asset 
which did not appear in the balance-sheet, but it was one 
of the best safeguards of the assets which did appear in 
the balance-sheet. 

Having chosen the problem there arose the question of 
the attack upon it. It could be attacked either by a rough- 
and-ready method of trial and error or it could be attacked 
by the slower but much more satisfactory method of 
analysis, finding out what were the factors involved, if 
necessary carrying out scientific research needed to 
elucidate certain phases of the problem, and when the 
theoretical solution was obtained it was then necessary to 
see how far it really explained the facts that were met 
with in the Industry. One example of this was illustrated 
by the Paper which Mr. Hollings was reading on gum. 
Some of those in the Industry had gum troubles and some 
had not, but nobody quite knew why. The rough-and- 
ready method of tackling the problem was not very suc- 
cessful except in disclosing its perplexity, and it would be 
seen from Mr. Hollings’ Paper that it was not until the 
problem was attacked in a scientific manner that the diffi- 
culties of it were begun to be understood. When the solu- 
tion to a problem had been obtained the next step was to 
apply it in an economical and practical manner. The suc- 
cess of the application very often did not depend on the 
research staff. It depended upon everyone being research- 
minded and realizing that research was an essential part 
of modern business just as in manufacture, distribution, 
and salesmanship, research was one of the essential pre- 
scriptions of modern organizations; but even in this coun- 
try where there were large and small undertakings, every 
one could not afford to do research. Owing to the activi- 
ties of the Institution, however, the results of researches 
were made available to everyone to adopt. 

Reference had been made to the joint work of the In- 
stitution and the Fuel Research Board which was now 
being started. To-day the Industry was represented on 
that Board by Mr. Hardie and the Chairman of the Joint 
Research Committee of the Institution, Mr. Evans. 
Therefore, what better guarantee could there be that the 
problems of the Gas Industry were not forgotten. A 
problem which was being tackled—namely, the complete 
gasification of coal—was the problem of the future, but 
with regard to the future he would like to read a quotation 
from the Report of the Royal Commission ov. the Coal 
Industry in 1925. ‘“‘ The object in view is the most 
economical and efficient way of utilizing the energy con- 
tent in coal. The question is not the co-ordination, as is 
often supposed, of two industries—coal and electricity— 
but of several; coal, electricity, gas, oil, chemical pro- 
ducts, blast furnaces, coke ovens, and two or three or four 
of these may be used simultaneously in combination, one 
feeding the other.’’ That was written eleven years ago 
and a great deal had happened since, but what had 
happened had gone to emphasize the wisdom of those 
words which, in his view, were a fairly accurate forecast of 
what might happen to the Gas Industry as the years went 
by. If he might touch on one aspect of the matter it 
would be to say that although to-day there were great 
developments going on with liquid fuels and ample sup- 
plies were available at the moment, the resources of coal 
were vastly greater than those of oil, and the day would 
come when coal would come thoroughly into its own. The 
Gas Industry was based on the scientific use of coal, and 
as this development continued obviously the Gas Industry 
ought to play its part in every way it could. He believed 
that under the guidance of the Institution, and with the 
activities of its Research Committees and the great re- 
sources which the Gas Industry could command, research 
would be made worthy of a great national industry and 
would enable it to play its full part in the developments 
of the future. 


A Pioneer Industry. 


Sir Puitie Dawson, M.P. (President of the 
Fuel). provosing ‘‘ The Institution of Gas Engineers,” 
the Gas Industry was a pioneer industry, and, 
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many other pioneer industries, it remained the pioneer 
industry of the world. It was still in the forefront, and 
he did not know of any other country which could show 
a better result than that which had been achieved by this 
Industry. If a reason was required for this it was to be 
found in the title of the luncheon that day; it was the 
Research Luncheon, and all the success of the Gas In- 
dustry and its present excellent financial position he con- 
sidered to be entirely the result of the manner in which 
the Industry had continued its research which had enabled 
the most modern and most progressive methods to be 
applied. The Gas Industry had progressed largely be- 
cause of the policy which The Institution of Gas Engineers 
had adopted, and he was certain that by continuing the 
policy of co-operation really great results would be 
achieved. It was of the greatest national importance that 
the Gas Industry should use its endeavours in order to see 
what forms of liquid fuel could be extracted from the coal. 
A great deal had already been done in connection with 
benzole, but there were possibly other directions. To-day 
they were dependent very largely on imported fuel oil, but 
he believed that in the future that importation would 
decrease and they would be able to rely more and more 
on their own great resources, particularly in time of war. 

As one who had been connected with the electrical in- 
dustry for so many years, Sir Philip said it would not be 
out of place if he said he thoroughly approved of what the 
Gas Industry was doing. He wished them every success. 

Mr. H. C. Smitru (Senior Vice-President) responded to 
the Toast and pointed out that this was the first occasion 
the Institution had had a President who was engaged on 
the distribution and sales side of the Industry, and it was 
an indication of how the Industry and the Institution were 
advancing. After attending the meeting in the morning 
he was certain they all felt they had by no means reached 
the limit of that saicmnen A thing which had impressed 
him during the morning was the very great stress that had 
been laid upon education. It was said it was no good 
talking about making and selling gas unless care was taken 
to educate new entrants into the Gas Industry in a proper 
way so that they could sell gas and be able adequately to 
follow those now in the Industry. 

Looking at the programme of the Research Meeting, 
continued Mr. Smith, it was difficult to assess the import- 
ance of the various sides of the Industry. Sir Harold 
Hartley and Sir Philip Dawson had stressed the import- 
ance of the scientific treatment of coal and the success 
which had attended certain of the researches carried out 
by the Institution in this connection. The time might 
arrive when they could use almost any coal, but until that 
time did arrive it was important to obtain the quality of 
coal that each of them needed for their own particular 
requirements. When they last met at the end of May they 
were very much concerned with what Sir Philip Dawsoa 
and his colleagues in Parliament were going to do in 
forcing them to accept any coal the collieries liked to offer, 
but thanks to the energy with which Sir David Milne- 
Watson and his Committees had tackled the problem, their 
fears had been eased a little, although they could not 
afford to relax any efforts with a view to securing the coal 
they required. He had attended last week the National 
Coal Convention, and it was very interesting to hear both 
colliery owners and coal factors saying that the consumer 
must have the quality of coal he required. It was also 
interesting to hear an eminent mining engineer say that 
the collieries would have liked to give the consumer the 
coal he had wanted in the past, but the consumer had not 
known what he wanted and had always cheerfully put up 
with what was sent him. It seemed to Mr. Smith that 
until the time arrived when the Industry could completely 
gasify any coal the collieries liked to ‘send them it was 
important for the Institution to be able to give advice as 
to how to easily and quickly test their coal and see they 
were getting the quality they required. 

Sir Davip Mitne-Wartson, in proposing the Toast of 
** The Chairman,” said that Mr. Lacey came from a very 
distinguished family of gas engineers, and he had won 
many laurels for himself. During his term of office he 
would earn many more laurels, and Sir David was exceed- 
ingly proud that his Company had given one more Presi- 
dent to The Institution of Gas Engineers. He had known 
Mr. Lacey all his life. and the best criterion of his 
sincerity in what he had been saving was that he was en 
his feet proposing the health of Mr. Lacey. 

Mr. Lacey expressed his thanks for the Toast. 
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Celebrities in the World of Research 
























Colorel 
£.E.B. 
Mackirfosk. 


2.6.0. 



























R. WwW: 
EaytSP".,. 


As Seen by Fred May at the Research Luncheon, Nov. 3, 1936 











GAS JOURNAL 
November 11, 193¢ 


New Institution Members 


The following were elected to the various classes of 
membership of The Institution of Gas Engineers on 
Wednesday, Nov. 4: 


To Honorary Membership. 


Smith, Arthur William, General Manager and Secretary, 
Birmingham Gas Department. 


To Membership. 


Clark, Joseph George, Managing Director, Engineer, and 
Secretary, Newton Abbot and District Gas and Coke 
Company. 

Thorpe, Henry Creaton, B.Sc., Chief Works Superinten- 
dent, Poole and Pitwine Works, Bournemouth Gas and 
Water Company. 

Ward, Charles Horace, B.Sc., Mechanical Engineer, Beck- 
ton Station, Gas Light and Coke Company. 


To Associate Membership. 


Balsom, Stephen Eric, Technical Assistant, Lowestoft 
Water and Gas Company. 

Bates, Edmund, Senior Technical Assistant, Stalybridge 
Gas Department. 

Blogg, Charles Richard, Shift Superintendent Engineer, 
Wandsworth and District Gas Company. 

Bodiley, Kenneth George, B.Sc., Technical Assistant, 
Weston-super-Mare and District Gas Company. 

Brown, Athol, Assistant Engineer and Manager, Buck- 
haven and Leven Gas Commissioners. 

Cox, Geoffrey John Burdon, B.Sc., Assistant Engineer, 
Beckton Station, Gas Light and Coke Company. 

Dawson, Frank, B.Sc., Assistant Engineer, Fulham Station, 
Gas Light and Coke Company. 

Dawson, Philip Roger, Junior Assistant Engineer, Kendal 
Gas Department. 

Dougill, George, M.Sc., Chemical Engineer, Beckton 
Station, Gas Light and Coke Company. 

Facer, Arthur, Technical Assistant and 
Bristol Gas Company. 

Geddes, Walter Ronald, Chief Assistant to Industrial Sales 
Engineer, Stretford and District Gas Board. 

Green, David, Engineer and Manager, West Bromwich Cor- 
poration Gas Department. 

Hartley, Arthur Griffiths, M.Sc., Shift Engineer, Blackpool 
Gas Department. 

Laird, Nathaniel, Shift Superintendent, Wandsworth and 
District Gas Company. 

Lewis, Donald Verdi, Carbonizing Superintendent, Stock- 
port Gas Department. 

Manning, Albert Harry, Chief Engineer and Managing 
Director, Bamag, Ltd. 


Draughtsman, 


The *‘ B.M.’”’ Meter. 


One of the latest publications by W. C. Holmes & Co., Ltd., 
of Huddersfield, deals with their ‘‘ B.M.”’ gas meter, which 
increased demand has enabled them now to produce at reduced 
cost. 

Since the “‘ B.M.’’ meter was introduced to this country in 
1931, it has established itself‘as a standard and reliable means 
of measurement, particularly for the large consumer. This type 
of meter complies with the ‘* Sales of Gas Act ”’ and is sealed by 
the Board of Trade Meter Inspectors, and it is designed to 
measure gas either purified or unpurified at pressures ranging 
from a few inches water gauge up to several pounds per sq.in., 
or alternatively, under a vacuum. 

The meter consists essentially of two parts, the casing and 
the drum, and is constructed of mild steel plates throughout. 
The gas inlet to the meter is on the side of the casing, and the 
gas travels to the inside of the drum by means of a central pipe. 
This central pipe or column also serves as the inner support for 
the drum, as well as providing a guide for the grease lubricated 
semi-sphere, whereby the drum is maintained in a central posi- 
tion in the casing. The outer edge of the drum is supported on 
a machined track which is secured to the casing in such a 
manner as to be adjustable for erection purposes and renewable 
in the event of wear taking place. The gas outlet from the 
meter is arranged through a branch on the side of the casing 
near the top. Thus a very simple by-pass can be arranged, 
taking up the minimum of space by simply having two tees and 
three valves. 

The drum is of built-up construction, the various plates being 
cut by means of an oxy-coal gas pantagraph type of machine, 
which accurately cuts all the plates to standard templates. 


Meggitt, Kenneth Blanchard, Assistant Works Enginecr, 
Bedford District Gas Company. 

Parry, Thomas Edward, B.Sc., Assistant Engineer and 
Manager, Bingley Gas Department. 

Pask, William Arthur, Laboratory Assistant and Relief 
Shift Engineer, Oldham Gas Department. 

Powdrill, John, Engineer and Manager, Rawmarsh Gas and 
Water Department. 

Richardson, John, Assistant Works Superintendent, Shef 
field Gas Company. 

Richmond, Edwin Hills, Technical Assistant, South Metro- 
politan Gas Company. 

Roberts, Robert Owen, Technical Assistant and Chemist, 
Rhyl Gas Department. 

Sawers, Thomas Russell, 
Perth Gas Department. 

Taylor, William Richard, Works Superintendent, Rother- 
ham Gas Department. 

Vince, Donald Arthur, Junior Technical Assistant, Swindon 
United Gas Company. 

Wainwright, Alfred Victor, Technical Assistant, Shrews 
bury Gas Light Company. 

Wilson, John, Assistant Engineer, Keighley Gas Depart- 
ment. 

Woodhead, Charles Alfred Bevan, 
Engineer, Liverpool Gas Company. 


Distribution Superintendent, 


Assistant Chemical 


To Associateship. 

Coltman, Ronald Francis, Assistant Depdét Inspector, 
Tottenham and District Gas Company. 

Davis, John Kenneth Newsom, Director, Davis Gas Stove 
Company, Ltd. 

Jones, Martin William, B.A., Special Representative, Gas 
Light and Coke Company. 

Keillor, Henry Graham, Technical Assistant, 
Corporation Gas Department. 

MacFarlane, Gordon Allan, Draughtsman, Christchurch 
Gas, Coal, and Coke Company, Ltd., New Zealand. 
Norton, Ronald Leslie, Works Chemist, Sutton Station, 

Wandsworth and District Gas Company. 

Ormrod, Albert, B.Sc., Chief Chemist, Oldham Corpora- 
tion Gas Department. 

Pearson, Clifford Harold, Second Draughtsman, Southamp 

ton Gaslight and Coke Company. 

Smith, John, Junior Technical Assistant, Workington Gas 
Department. 

Sullivan, Harold Denis, Sales and Technical Superinten- 
dent, Plymouth and Stonehouse Gas Light and Coke 
Company. 

Tennyson-d’Eyncourt, Ralph Eustace Lovett, B.A., Sales 
Superintendent, Tottenham and District Gas Company. 


Greenock 


Notes 


A bicycle wheel rolling on a track illustrates the motion of 
the drum, and it will be appreciated that due to this rolling 
action, as compared with a sliding action, wear is reduced to a 
minimum, resulting in the meter giving long service without 
renewals being required. As there are three delivery pockets 
per revolution, the gas flow is continuous, irrespective of the 
rate. 

The meter is absolutely positive in action, a definite volume 
of gas being displaced per revolution, as the lower edges of the 
drum are sealed in gas oil or other sealing medium. 

The volume of gas passed is shown on a direct reading index, 
and the meter is also equipped with a liquid level gauge, filling 
funnel, self-levelling overflow, and drain. 


** Easy to Read’ Thermometers. 


We have received from the Cambridge Instrument Company, 
Ltd., 45, Grosvenor Place, S.W. 1, a copy of their recent illlus- 
trated folder deaiing with ‘‘ Easy to Read ”’ thermometers. 
These robust instruments work upon the vapour pressure prin- 
ciple. The bulb which is exposed to the temperature to be 
measured is connected by a length of flexible or rigid tubing 
to a Bourdon gauge tube, the system being filled with a volatile 
liquid. Changes in the bulb temperature cause changes in the 
vapour pressure of the liquid, and the consequent movements of 
the Bourdon tube are indicated by a pointer moving over a 
dial calibrated in degrees Fahrenheit or Centigrade. By adopt- 
ing standard patterns and ranges the manufacturers claim that 
the cost has been reduced to compare favourably with that of 
high-grade thermometers. 

The thermometers are available in a number of styles for a 
variety of purposes. 
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THE AUTUMN MEETING OF 
The Society of British Gas Industries 


The Autumn Meeting of the Society of British Gas Industries 

was held at the May Fair Hotel, London, on Thursday, 

Nov. 5—the PRESIDENT (the Marquess of Londonderry 
in the Chair. 





In opening the proceedings, the CHAIRMAN OF THE COUNCIL 
(Mr. F. B. Richards, M.B.E., M.Inst.C.E., M.1.Mech.E., 
M.Inst.Gas E.) observed that the Council submitted their 
report on the year’s work at the Annual Meeting of the 
Society, but the Autumn Meeting afforded the Chairman an 
opportunity to refer to matters of interest with less 
formality and to keep members in touch with the Society’s 
work, 

The Council of the Society fully appreciated that the 
interests of its members were synonymous with those of 
the whole Industry, and were confident that these interests 
could be served in no better way than by assisting to the 
fullest posible extent in the work of the British Gas 
Federation and the other national organizations which 
constituted their membership. 

It spoke well for the work which the Society was doing 
and also for the true spirit of co-operation, which was 
becoming more and more a feature of the development of 
the Gas Industry, that they, as contractors and manufac- 
turers, were closer to-day than they had ever been before 
to the Gas Supply Industry, on which to the exfent of the 
individual stake of each one of them in the Industry they 
depended for their livelihood. 

While they as a Council were pursuing the objective of 
co-operation in every possible way, Mr. Richards was happy 
to report the increasingly friendly atmosphere in which 
this development was taking place. They had, he was 
sure, one person in particular to thank for this he re- 
ferred to Sir David Milne-Watson, a Past-President of the 
Society. He had always been an advocate of co-operation, 
and he had presided over the deliberations of the Council 
of the British Gas Federation for the past two years in a 
spirit of goodwill, which gave them ped confidence in 
believing that they were working on the right lines. 

As a Council, however, they were anxious at this com- 
paratively early stage of participation in the work of the 
British Gas Federation that they should not, except in 
very special circumstances, take upon themselves financial 
obligations which might te nd to become static. They felt 
this to be important, both in their own interests aad in 
the interests of the Industry. The field to be explored was 
so wide that it seemed essential that they should aim at pre- 
serving a state of fluidity in every possible direction. While 
there was a desire, which they cordially welcome, to secure 
a much closer co-ordination of the work of the Industry's 
national organizations, there was clear recognition that 
each individual organization had its own particular sphere 
of activity, and in consequence its recognized obligations. 
The part they hoped to play was primarily one of service 
to the Industry in matters where they, as contractors and 
manufacturers, had practical knowledge and experience to 
place at the disposal of the whole Industry, and above «ll 
they hoped to foster that spirit of confidence which was 
essential to success. 

He would like to recall the remarks of Mr. C. Valon 
Bennett at their Annual Dinner in 1935, when speaking as 
President of The Institution of Gas Engineers. He said on 
that occasion: 


I feel impelled to ask the question as to how it can be 
expected that Gas Undertakings should support the mem- 
bers of the Society unless they know which firms are 
members. Therefore I urge that the exhibition of the 
Badge should be a hall-mark of policy and a sign of co- 
operation. 


The matter had been referred to on more than one 
oceasion since then, and it was gratifying to know that 
there had been a substantial increase in the use of the 
Badge, both in the advertisements and on the letter-paper 
of members; but this was still considerably short of being 
general, and he hoped that a further reminder to members 
would bear fruit. The Council of the Society felt that their 
hands would be very much strengthened in working for 
co-operation within the Industry if the Society’s members 
appeared responsive to recommendations that were made 


by their customers in a genuine desire to further such 
co-operation, 


Co-Operation with the B.S.I. 


They were keeping in close touch with the work of a 
number of bodies outside the Gas Industry, continued Mr. 
Richards, and in this connection he might mention the 
British Standards Institution. They were represented on 
no less than twenty committees, sub-committees, and 
panels of that body, and they had instituted an arrange- 
ment whereby members of the Society were advised in the 
Monthly Letter of all draft specifications which come to the 
Society’s notice, for the purpose of technical comment and 
criticism. He felt the service they were able to render their 
members by keeping them in close touch with the work of 
this body and giving them an opportunity of obtaining 
copies of documents of interest to them was a valuable one. 

As they were all aware, they had given their support 
to proposals which aimed at placing the work of the Gas 
Industry Section on a more satisfactory and at the same 
time a more independent basis. The contributions from 
national organizations, including their own, were being 
put on a basis comparable with those of organizations in 
other industries, and, in addition, individual gas under- 
takings and manufacturers had been invited to become 
contributing members of the Section. 

. Another direction in which they were taking an active 
interest was the work of the Contracts Committee of the 
Federation of British Industries. The question had often 
been raised as to whether Ministry of Health Circular 1,388 
should be interpreted by Local Authorities as meaning 
that in considering tenders for public works the lowest 
tendered price should always be accepted. In reply to a 
question in the House of Commons in July, the Parliamen- 
tary Secretary of the Ministry stated that, other things 
being equal, acceptance of the lowest tender was a natural 
corollary to the system in use. Where, however, other 
things were not equal, it was fully recognized that regard 
must be paid to criteria other than the tendered price. 
Among these other criteria the Parliamentary Secretary 
included efficiency and running costs, durability of 
materials, freedom from the necessity for repair and at- 
tention, and suitability for the purpose in view. The 
Parliamentary Secretary also expressed the opinion that 
the qualifications and financial standing of the contractors 
were factors which they should all welcome. 

While speaking of public contracts, Mr. Richards would 
like to urge members to report to the Society any cases 
of Forms of Contract which contained no arbitration clause 
or were in other ways unfair to contractors, so that in 
serious cases the question of co-ordinated action might be 
considered by the Council, if individual effort had proved 
unsuccessful. 


Secure Foundations for the Future. 


It was his considered opinion that in the Society they 
had a body which was doing good work on behalf of them 
all in a multiplicity of ways, and he was confident they 
were building on secure foundations for the future. 

In most industries of the country the spirit of co-opera- 
tion was growing, and at worst force of circumstances was 
tending to bring outside companies to a greater willingness 
to co-operate in any association which was recognized to 
be working for the good of an Industry as a whole. In the 
development of a voluntary association such as theirs, 
there was no question of a majority coercing a minority; 
moreover, since the advantages of individual enterprise 
and responsibility were retained, they believed they were 
in a position to provide the necessary basis for the fullest 
measure of collaboration. 

There were really now very few firms of importance on 
their side of the Industry which were not members of the 
Society, and he would appeal to those which were still 
outside to assume with the Society the collective responsi- 
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bility which their status in the Gas Industry implied. 
Public considerations all pointed to the necessity for their 
Industry to achieve a common policy, and an endeavour 
to realize the fullest measure of co-operation both on their 
side and from their side was a duty which they should all 
shoulder. 

Mr. Richards particularly stressed the point that as they 
were a voluntary association, the Council of the Society 
looked to the members to bring to the notice of the Council 
through the Chairman of their Section or through their 
officer any matters on which it appeared to them that 
useful opportunities for new or increased activity presented 
themselves. They wanted to develop the Society on crea- 
tive lines, and in this they needed the help of all their 
members. They asked them to take an active interest in 
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Mr. Francis B. Richards was apprenticed to Wm. White & Sons, of Cowes, and 
was also a pupil under Lieut.-Col. H. W. Woodall, Engineer and General Manager 
of the Bournemouth Gas and Water Company. He subsequently became Assis- 
tant to the late Sir Arthur Duckham in connection with the design, construc- 
tion, and operation of the Woodall-Duckham system of continuous vertical 
retorts. During the war Mr. Richards was Assistant Superintendent of the 
Government Rolling Mills, Woolston, Hants. In 1923 he was appointed a 
Director of the Woodall-Duckham Companies, Joint Managing Director in 1930, 
and Chairman (in succession to Sir Arthur Duckham) in 1932. 


One of the greatest privileges—as well as one of the 
greatest responsibilities—which falls each year to the 
Chairman of this Society is to deliver an Address to the 
members at the Autumn Meeting. It is no easy matter to 
select a subject. Behind, there is the memory of the many 
excellent Addresses which have been given during the past 
30 years by those who have occupied this Chair. Around, 
there is a world in which conditions are changing with 
almost bewildering rapidity. Ahead, there is much un- 
certainty, 

In searching for a suitable subject for this Address—one 
which might be non-technical but which might serve to 
stimulate thought among the members of the Society—I 
was reminded of an incident which occurred some years 
ago. As Works Manager of a large Government factory 
for casting and rolling non-ferrous metals during the War 
I was much in contact with working men. One of my 
most useful men was the leading shop steward of the 
foundry. Once when discussing a particular problem he 
said to me—‘‘ It seems to me, Sir, that there are three 
things a man requires to know, Where he is, Where he is 
going to, and How he is going to get there.”’ It has often 
seemed to me that there is profound wisdom contained in 
those simple words, and I trust that you will agree with 
me that the present is a very opportune moment for us to 
take stock of the position in the Gas Industry and to try 
to see Where we are, Whither we are going, and How we 
are going to get there. 
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the Society and its affairs, and to remember that the 
Council welcomed constructive criticism and sugges‘ ions 
for increasing its usefulness. 

In conclusion, it was a pleasure to take this opportu ity 
of paying a tribute to the wholehearted and enthusi«stic 
work of their Manager and Secretary, Mr. Burt. Many of 
them who were in personal contact with him and knew 
the excellent work he was doing for them would be «ible 
to endorse what he had said. During the few months Mr, 
Richards had been in office he had been brought into « on- 
tact with Mr. Burt in a very close way, and he was sure 
that those who had had occasion to talk with him on 
matters of general interest had always found him enthusias- 
tic and wholehearted in furthering the work and objects 
of the Society. 


in the 


Gas Industry 


BY 


F. B. RICHARDS, M.B.E. 


Evolution 





The philosophy underlying this shop steward’s simple 
phrase is that evolution is the basic principle of all life 
and all industry. Upon our acceptance of this principle 
and upon our ability to adapt our Industry to ever- 
changing conditions I believe that our future prosperity 
depends. We can learn our lessons from what has been, 
og) we must plan our campaign on what is and what is 
to be. 

The extent to which conditions have changed in recent 
years will be realized if we compare everyday life as it was 
when our Society was founded thirty-one years ago and as 
it is to-day. It would take too iong to describe the 
changes that have taken place during the lifetime of our 
Society, but many of my hearers can cast their memories 
back so far and if they will attempt a detailed comparison 
I think they will be startled at the result. 

Changing conditions in home life during the past 30 
years have materially influenced the course of development 
in all industries. Improved methods of manufacture and 
distribution have made the working classes luxury-minded. 
Possessions which at one time were for the few are now 
available for the many. The development of synthetic 
methods of manufacture of many articles has immensely 
widened the scope of the spending of weekly wages. Colour 
and line are applied in the design of many of the simple 
necessities of life. The extension of education, the de- 
velopment of broadcasting, the cinema, and the illustrated 
newspaper have widened the vision of the consumer and 
have sharpened his critical faculties. 

Another respect in which conditions have vastly changed 
in the past 30 years is in what may be termed “ lines of 
communication.’’ The development of air travel and of 
radio has brought into closer contact the peoples of the 
world. Some foreign Power may, for example, develop a 
policy of isolation, but its singers and actors are heard on 
the radio in the working man’s kitchen and its aircraft 
needs must use the civil airports of other countries to keep 
up the air routes. 

For our purpose we need consider only the changes im- 
mediately affecting our Industry. Thirty years ago gas 
was well established for lighting and cooking. Electricity 
was, comparatively speaking, in its infancy. The past 
thirty years have seen a very substantial development of 
the use of electricity in the home. Electricity has made 
remarkable progress in the lighting of houses (by the de- 
velopment of metal filament lamps), in the heating of 
rooms and the cooking of food, in the supply of power for 
domestic appliances (such as vacuum cleaners, irons, and 
so on), and in the supply of current for radio. In in- 
dustry, transport, and public lighting electricity has also 
made vast strides. 

During this same period gas has made substantial, if less 
spectacular, progress. There has been .an immense de- 
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yelopment in the use of gas for industrial purposes, as well 
as « vast increase for domestic cooking and heating. Ap- 
paratus has improved out of all recognition. Science has 
been harnessed to the problems of gaseous combustion, 
Service to the consumer has become the watchword of 
progressive gas undertakings. 

Since evolution is the basic principle of all life our In- 
dustry must accept this principle, and with it its natural 
corollary—the survival of the fittest. The Gas Industry is 
so important to the welfare of the community that our 
affairs—whether we will or no—are a matter of public 
concern. Our conduct of them constitutes the discharge 
of a trust for the public at large, and we shall sooner or 
later be called upon to account for our stewardship and to 
show that we have served the community to the best ad- 
vantage. It will then be for us to prove that we have done 
everything we could to bring the service of gas within the 
reach of the widest circles at the lowest prices by availing 
ourselves to the fullest extent of the means placed at our 
disposal by the discoveries of science and advancing know- 
ledge of business methods. 

The process of evolution then confronts us with the 
necessity : 

Firstly, To study the requirements of the consumer and 
to supply his needs at a price he can afford to pay, 
remembering that he is an evolutionary being and 
that what was good enough for him yesterday will 
not be good enough for him to-morrow. 

Secondly, To study our corporate structure and our 
methods of manufacture and distribution to see that 
we have left nothing undone that would conduce to 
the better discharge of our obligations. 

Thirdly, To accept the necessity for collective action and 
co-ordination if we are to survive, and to see that 
such action in our Industry leads to growth and 
progress and does not lead to inflexibility and 
complacency. 

Fourthly, To keep constantly before the public we serve 
what gas can do and is doing for their convenience 
and comfort; to show them that gas is modern and 
progressive—in short to make them ‘“‘ gas-minded.”’ 


Finally, To realize that the individual is the ultimate 
unit upon whom all progress depends, and to see 
that in any growth of collective action or co- 
ordination the individual has ample scope and 
encouragement. 


In regard to the first of these needs. I have no hesitation 
in saying that the Gas Industry to-day is second to none 
in service to the consumer. Ii is upon the high quality of 
service given by the outside staffs of.so many gas under- 
takings in regard to gas utilization for both domestic and 
industrial purposes that much of our present prosperity 
depends. Schemes which effect the improvement of the 
education, efficiency, and well-being of such staffs are gilt- 
edged investments. Excellent though our service be, 
however, there is no room for complacency. Not all dis- 
tricts are equally well served, and much harm is done to 
the reputation of gas by those who lag behind. 

As regards the second, third, and fourth requirements, 
much progress has been made in recent times and in cer- 
tain respects, but I think most of us will admit that much 
remains to be done. 

It may be profitable for the Gas Industry to look around 
and to note the trend of evolution in other leading indus- 
tries—for example, the Steel Industry, the Coal Industry, 
and the Electrical Industry. In each of these industries 
we find that to a considerable degree uncontrolled in- 
dividualism has been adjudged a failure, and by economic 
necessity has been superseded by a form of regulated and 
co-ordinated effort. In each of these three great indus- 
tries some form of Government intervention has been 
brought to bear in the formulation of plans for the re- 
organization of either supply or sale due to inability on 
the part of the units composing the industry to plan their 
own affairs. 

Unless we in the Gas Industry ourselves plan our future 
in such a way as to command public confidence, then we 
shall have only ourselves to blame if—in the name of public 
welfare—the work of planning is undertaken by others. 

Planning involves thought, execution involves power. 
Let us see to it that we give the necessary thought to the 
problems of planning while we have opportunity. If we 
then find our powers to be inadequate let us ask for what 
we need. 

Before action must go conviction of the necessity for 
action. Signs are not wanting that should serve to con- 
vince us if we have doubts. 

Let us now consider what the Gas Industry is doing 
towards co-ordination and co-operation. 

There has been a marked voluntary development in the 
lirection of collective action in the Industry in recent 
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years. This may be typified by such organizations as the 
National Gas Council, the British Commercial Gas Associa- 
tion, the British Road Tar Association, and the London 
and Counties Coke Association. 

As a culmination of this spirit of collaboration there 
comes the formation of the British Gas Federation (of 


_which the S.B.G.I. is proud to be a constituent member) 


to provide a common platform for all entities of the 
Industry. 

One sometimes hears expressions of disappointment that 
the Federation has not shown itself more active. Re- 
membering the fable of the hare and the tortoise one may 
perhaps be permitted to suggest that the functions and 
constitution of such a body should be allowed to evolve as 
needs dictate. It is for the constituent bodies to discover 
ways and means of using the Federation for their common 
good, and perhaps a little slowness in getting to work is 
preferable to an excess of zeal which might have savoured 
of usurping the functions of the Members. Meantime a 
definite step forward has been made in the representation 
of the Gas Industry as an entity to the Public. 

A further important step in collective action has been 
the formation of various operating groups which are co- 
ordinating the activities of a number of undertakings. In 
certain cases this is taking the form of complete amalga- 
mation of adjacent properties, in other cases the co- 
ordination is taking the form of centralized financial and 
administrative control of more scattered undertakings. 

But, in the inevitable process of evolution, it seems to 
me that the Industry will have to face much more drastic 
collective action. 

On the operating side of the Gas Industry the case for 
voluntary collective action is relatively straightforward 
and simple as each gas undertaking operates in a clearly 
defined sphere and does not compete with other units of 
the Industry. There would appear to be a prima facie 
case for the regional grouping of undertakings under first- 
class management and technical control, with complete 
co-ordination of activities within the region, and national 
co-operation in matters of common interest. In the con- 
sideration of such grouping it is necessary to remember 
that there is a fundamental difference between gas and 
electricity when it comes to deciding the point of manu- 
facture. With electricity production high efficiency is as- 
sociated with the super-power station. With gas produc- 
tion, high efficiency is not necessarily associated with 
large size of the producing unit—it is possible for small 
units to be almost if not quite as efficient as large ones. 
Hence it follows that within the Gas Group a number of 
manufacturing stations may operate, the governing factor 
being economy of distribution. 

Regional grouping of undertakings implies that we must 
face squarely the difficulty in forming a coherent group of 
undertakings, some owned privately, some the property 
of the public authorities. If regional grouping is to be 
effective then the control of the constituent units must be 
complete. This would involve the taking over of the 
assets of the units by some such arrangement as Regional 
Boards, the stock of which would be held either by the 
shareholders or the local authorities of the units which 
made up the group. The difficulties are obvious but— 
given a conviction of the need—they could no doubt be 
overcome. 

If it be accepted that the Gas Industry is likely to be 
faced with an extension of regional grouping, then it can- 
not be too strongly stressed from the start that success 
still depends upon the individual—upon those who form 
the units and upon those who lead. It is essential that full 
scope should be preserved for the enterprise of the in- 
dividual—be he lowly or highly placed—and he should be 
adequately rewarded. Groups should not be so large that 
contact between the chiefs and the men operating the units 
of the group becomes impersonal. We should see to it 
that men are attracted to the Gas Industry with breadth 
of training and qualities of leadership. 

One direction in which the Gas Industry has held a pré- 
dominant position is in the education of its employees and 
their admission to co-partnership. Co-partnership has 
given to the employees an interest and a part in the 
prosperity of many of the individual undertakings. 

With this background it should be the particular con- 
tribution of the Gas Industry to evolve schemes whereby 
the part of the individual may be encouraged within the 
scope of regional planning. 

And now, turning from the wider problems of the Gas 
Industry as a whole to the more prescribed limits of the 
contracting side (which we in the Society of British Gas 
Industries represent); it may be well to take stock of our 
own position and to indicate in what directions we may 


-best help. 


In the first place what is the contractor’s position—what 
has he done for the Industry as a whole? 
Although working for a common end it cannot be too 
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clearly stated that the 
side of the Industry work under very different conditions. 
Broadly speaking, the units of the operating side are secure 
from the competition of their brothers in the Industry in 
their own areas of supply. They can therefore pool their 
knowledge and share their problems for the common good 
without adversely affecting their profits. The units of the 
contracting side, however, live in continuous competition 
with others in the same line of business and their field of 
action has no territorial definition. Again, the operating 
side has over 11,000,000 consumers. The contracting side 
has but one thousand or so potential customers. These 
fundamentally different conditions, however, have not pre- 
vented the contracting side from bearing an important 
share in the progress within the Gas Industry. Competi- 
tion among themselves and the need to retain the goodwill 
of clients has undoubtedly spurred the contractors on to 
remarkable developments in plant and appliances—de- 
velopments which may initially have been undertaken for 
the immediate requirements and advantage of the in- 
dividual contractor but which have eventually been of 
great value to the Industry as a whole. 

Although development and research work by a contract- 
ing firm is usually undertaken with a view to improving 
its own particular specialities, the fact remains that before 
the Industry can buy new types of equipment it is in most 

cases the contracting firm which has provided money for 
research. If the new equipment does not quite come up 
. - Seapaaae it is the contractor who most often carries 
the risk. 

It will therefore be agreed that competition on the con- 
tracting side of the Industry is a valuable contribution to 
the progress and efficiency of the Industry as a whole. 
Excessive competition, however, serves only to impoverish 
first the individual and ultimately the Industry. 

Development work and service cost money. The con- 
tractors are to-day buying their materials from suppliers 
whose prices are more or less controlled, the wages of their 
employees in the engineering and bricklaying trades are 
fixed, and now they are faced with the possibility of having 
to sell more and more of their commodities to grouped gas 
undertakings who, as large buyers, will probably seek to 
get special terms. Between prime cost and selling price 
there must be an adequate margin to remunerate the con- 
tractor for his effort and to pay for his development work. 
An insufficient margin inevitably leads to a decline in 
quality, for it is always easier to trim down to a price 
than it is to live up to a quality. 

Coming as I do from the contracting side of the Industry. 
it is perhaps natural that these aspects of possible future 
development should have received my closest consideration. 
But we on that side must inevitably take the view that 
we are in partnership with the operating side. Without 
them we do not exist; equally—I submit in all seriousness 

their capacity to give the public the service it demands 
requires progressive co-operation on our part. Upon the 
matters which I have just discussed final decision rests 
with the operating side, and in the interests of the whole 
Industry it is to be hoped they will never lose sight of the 
importance of a continuation of fair trading prices be- 
tween contractor and purchaser. With mutual confidence 
there is no reason to doubt that a satisfactory formula can 
be found. 

In the second place in what direction can the contract- 
ing side continue to help the Industry? It seems to me 
that the contractor’s part in the future evolution of our 
Industry may be outlined under the following four 
headings: 

Firstly, to supply the operating side with the equipment 
it requires both for gas production and gas consumption. 
and to see that this equipment is progressive in design and 
efficiency. 

Secondly, to assist the operating side of the Industry by 
technical collaboration. This should take the form of 
joint study of the difficulties which exist and analysis of 
the problems. In many cases individual manufacturers 
may supply different solutions of the same problem be- 
cause of the competitive element already referred to. This 
is all to the good because it gives the purchaser the oppor- 
tunity of exercising his choice which is a deeply ingrained 
habit of man. 

Thirdly, to play their part in the council of the Industry 
through the British Gas Federation. I am convinced that 
this Federation of the leading gas interests will play a 
predominant part in the future of the Industry. In view 
of the fact that the Society of British Gas Industries is a 
constituent member, the contracting side of the Industry 
has now an official status and has an opportunity of voicing 
its opinions effectively. May I use this occasion to invite 
those members of the contracting side who have not yet 
joined us to cast in their lot with us so that we may pull 
our full weight for the common good? 

Fourthly, the contracting industry should continue to 





operating side and the contracting 
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encourage and support our Technical Press. It is difficult 
to imagine what our Industry would be like without ‘he 
excellent technical journals associated with gas, and to 
over-estimate the part they play in the formation of public 
opinion within the Industry. The publication of Papers 
read before the Institution and District Associations, ihe 
news of the Industry at home and abroad, are of the 
greatest value. The Technical Press are at the same tiie 
a newspaper, an educational primer of no mean order, and 
a history book. Although, of course, the main purpose of 
an advertiser is to bring his products to the notice of 
potential customers, yet it is no secret that without the 
financial support of the contracting side of the Gas In- 
dustry there would be no Technical Press which so 
valiantly serves the Industry as a whole. 

In conclusion, may I attempt to summarize this in- 
adequate review of the present position and probable 
future of the Industry as follows: 

Evolution is a principle which cannot be resisted. The 
age of unco-ordinated individualism has passed. It is 
being succeeded by a time of planned effort and co- 
ordinated supply. In other great industries this transition 
has involved Government action. Cannot the Gas In- 
dustry, realizing its responsibilities, plan and evolve 
without need of outside intervention? Collective action 
will be necessary, but however far this may eventually go 
it is well to emphasize that success depends upon the effort 
of the individual for whom adequate scope and incentive 
must be provided, 


Vote of Thanks. 


Mr. R. J. RoGers proposed a very hearty vote of thanks 
to Mr. Richards for his interesting and instructive address. 
Their Chairman had, he observed, given them a philo 
sophical review of the Industry in the past, its present 
position, and its future prospects. They were all in com 
plete agreement with Mr. Richards when he stated that 
they could learn their lessons from what had been, but 
that they must plan their campaign on what is and what 
is to be. Many of them had been privileged to serve in 
the Industry and witness the enormous developments of 
the past thirty years, and he hoped they had learnt their 
lessons from what had been. Some of their friends on the 
supply side were apt to think that as manufacturers of 
plant and appliances they were not so appreciative of that 
side as they should be. But whether they were manu- 
facturers of plant for the production of gas, the handling 
of coal, the storage and distribution of gas, or makers of 
appliances for the utilization of gas, their ultimate aim 
was to give satisfaction to the consumer. There was no 
other public utility organization which had rendered such 
effective service as the Gas Industry, and they could jusily 
claim that the Industry was entitled to the “* blue riband °’ 
of public service. 

It would be well for them, continued Mr. Rogers, to read 
carefully the five points which the Chairman had set out 
and see how far they were carrying out those requirements. 
But in carrying out their obligations they must take heed 
of his warning when he reminded them that there was no 
room for complacency. Still greater vigilance was neces- 
sary if they were to hold their own in the competitive 
world of to-day and to-morrow. The Address had dealt 
with the developments which had taken place within the 
Industry; but they would have to face more collective 
action in the future. Mr. Richards’ remarks would stimu- 
late the interest of the leaders of the Industry in this 
respect, and his observations on the grouping of gas under- 
takings would be studied by all with the greatest atten- 
tion. As the Chairman had pointed out, the difficulties 
were obvious; quite apart from the merging of financial 
interests in any particular area, Mr. Rogers was of 
opinion that useful results could be obtained by co-opera- 
tive action between the administrations of contiguous 
undertakings as regards methods of charge, rates for hiring 
and fixing of appliances, and the standardization of the 
best possible service to the public. 

They were also indebted to Mr. Richards for the lucid 
manner in which he had outlined the position of the con- 
tractors; as one engaged on the appliance manufacturing 
side, he could fully endorse all he had said regarding the 
research work they were carrying out. They could fully 
claim in this direction to be contributing in no small 
measure to the advancement of the Industry; and now that 
their Society was more intimately linked, through the 
British Gas Federation, with the other organizations in 
the Industry, they should have a further opportunity of 
rendering greater service than in the past. Mr. Richards’ 
long and honourable association with the Industry entitled 
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him to speak with authority, and they all recognized his 
sterling character and the efficiency with which he was 
discharging the duties of his office. 

Col. O. B. F. PLANcK, in seconding the vote of thanks, 
said how much he appreciated the privilege of being asked 
to endorse Mr. Rogers’ remarks. hey were all grateful 
to Mr. Richards for the time and thought he had so 
obviously put into his interesting and educative Address. 

also felt that the supply side of the Industry would 
vive it careful study, while, furthermore, it would be a 
eood thing for other industries to study as well the salient 
features which should be considered when the evolution of 
an industry was under consideration. It was always diffi- 
cult, but nevertheless essential, to sort out from the mass 
of detail the fundamental factors whic h required considera- 
tion when such a subject came to one’s mind; and he felt 
that Mr. Richards had very concisely summarized the 
most important features in the five points he had mentioned 
in his Address. He thought they should pay special atten- 
tion to the final point that success depended upon the 
effort of the individual for whom adequate scope and incen- 
tive must be provided. In these days it was easy to ignore 
the viewpoint of the individual; but, as Mr. Richards 
rightly stressed, unless the individual was happy and 
satisfied, and suitably rewarded for his efforts, the people 
who were trying to manage affairs from the top could not 
possibly succeed. 


Lady Londonderry and the W.G.C. 


Mr. H. M. THornton thereafter proposed a hearty vote 
of thanks to their President, and, in doing so, he referred 
to the fact that Lady Londonderry had for some time 


The 


At the informal luncheon which preceded the Autumn 
Meeting at the May Fair Hotel, Lord LONDONDERRY also 
presided, and was supported by a number of Past-Chairmen 
of the Society. 

Mr. F. B. Ricuarps, before asking Sir Frederick West to 
propose the toast of their President, extended to Lord Lon- 
donderry a weleome on behalf of the Society, and said how 
happy they all were that he had found the time and oppor- 
tunity to be with them. He emphasized that this luncheon 
was quite informal and just a family gathering; he would, 
however, say how glad they were to have the representa- 
tives of the Technical Press with them on that occasion- 
they looked upon them as members of their family—while 
they were also very pleased to see their old friend Mr. 
Griffith with them again; he welcomed them all, and said 
how much the Society’appreciated their presence. 

Sir FrepERICK West then rose to propose the toast of 

The President.’’ Although this had been described, he 
remarked, as an informal gathering, he felt sure that this 
Toast would be as enthusiastically accepted as if it were 
a State occasion. He would like, on the Society’s behalf, 
to express their great regard for Lord Londonderry and 
their tremendous appreciation of the honour he had con- 
ferred upon the S.B.G.I. and the Gas Industry as a whole 
in accepting the Presidency. They were exceedingly proud 
of the illustrious line of Presidents they had had in the 
past; but he did not think there was one who had rendered 
more valuable service to the country than Lord London 
derry. Their President had entered Parliqment in 1906 as 
the Member for Maidstone, and that immediately estab- 
lished a bond of contact between them. Maidstone was 
famed for many things; it was the centre of the hop in- 
dustry; it also had a gaol; but one of the features which 
created the link between the town and himself was that 
Sir Frederick’s father commenced business in a_ very 
humble way there in the seventies of the last century 
and one of his minor achievements was that Sir Frederick 
had been born there! But as he did not wish to promote 
a family quarrel on this point, he would say that this 
honour was shared by Frank West and Ernest West as 
well, 

Having referred to Lord Londonderry’s many public ser- 
vices, Sir Frederick mentioned that their President, i in the 
midst of his many activities, was on Nov. 9 to be elected 
Mayor of the City of Durham, and they wished him every 
joy during tlfe year he occupied the chair of that City 
Council. He could, he observed in conclusion, say much 
more about the versatility and active life of their Presi- 
dent, but he would ask them now to drink his health. 

The PReEsIpENT, in response, remarked that he hardly 
recognized himself in the guise in which Sir Frederick 
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taken a great interest in gas affairs, and was then President 
of the Women’s Gas Council. WwW hile that organization 
was still in its infancy, he felt that they could all look 
forward to very important advancement in that direction 
in the future, and in that connection he recalled a recent 
visit of between five and six hundred members of the Man- 
chester Branch of the Council to the Works at Warrington, 
of which he was Chairman. 

Mr. F. J. Goutp, in seconding the vote, recalled the 
fact that fifty years ago, when he was assistant to a firm 
of engineers in Dublin, he came into contact with the 
greatest lady in Ireland, who showed him many kindnesses 
at that time. He referred to Lord Londonderry’s mother; 
and in this respect he thought it fitting that he should 
be privileged to rise to support this vote of thanks to her 
distinguished son and thank him for his presence there 
that day. 

The PRESIDENT, in acknowledging the vote of thanks, 
which was most heartily accorded, expressed his particular 
appreciation of the gracious allusions which had _ been 
made to his wife and mother. No man owed more to 
his family than he did. Any success he had achieved was 
due to the loyal affection he had always received from his 
family. They had had a most interesting Address from 
Mr. Richards, said Lord Londonderry; he had emphasized 
the need for co-operation and co-ordination, and he was 
glad to see no sign of that dreadful disease, known «as 
inferiority complex, in their Society. They were looking 
forward to the future with confidence, and he hoped that 
the mission they had in front of them would be attended 
with success. He was proud to be President of the Society, 
and it was a real pleasure to him. 


Luncheon 


West had showed him. In the office which had been 
accorded him as President of this Society he felt nothing 
but pride and satisfaction. In the later years—the 
‘August ’’ and ‘* September ’’—of one’s existence one 
often looked back with many regrets that one had not done 
as much as one might in justifying one’s claim to be a 
British citizen or an individual entitled to live. When, 
therefore, he received the invitation to become their Presi- 
dent he accepted the office with alacrity and pleasure—not 
because he felt he could contribute much to a Society o! 
such merit, but because he felt he would like to do some- 

thing towards furthering the great objects they had in view. 
He welcomed co-operation not only in this country but 
throughout the world, and if the ideal which they had in 
their minds of establishing universal peace could be 
achieved, it would be through understanding and co-operi 

tion. While he revered the individual and admired com 
petition—he felt that excellence was arrived at by healthy 
competition—they must get beyond that. The ideal they 
had in view would be gained by working together for the 
benefit of the once = as a whole; and that was why 
he welcomed the co-operation between the Gas Industry 
and the coal industry, who were working together not 
because they wanted to make something out of it—not for 
their own wellbeing- but because they recognized the far 
greater service they were rendering to the community. 

Mr. Richards had informed them, went on Lord London 
derry, that his final duty as President would be to give 
them a dissertation or lecture on some important matter of 
the day. In this respect he would gratify his own desire 
in putting before them many of the ideals and objects 
which were in his mind at the present moment and which 
he was hoping, with the help of others, to develop. He 
thanked them very much indeed for the genial and friendly 
welcome they had given him on that occasion and for the 
toast which had been proposed by Sir Frederick West. 
If he liked he could enumerate the posts which Sir 
Frederick had admirably filled, but he would content him- 
self with referring to the tribute which was so justly paid 
to Sir Frederick when he was awarded the Walton Clark 
Medal in 1935 in consideration of his ‘‘ outstanding service 
to the Gas Industry in the sphere of improved scientific 
development of gas-works practice and technique and 
practical gas research as applied particularly to the car- 
bonization of coal in vertical retorts, and for his work in 
the training and education of ‘engineers and his success 
in promoting amicable relationships between employer and 
employed, all of which has been of substantial value to the 
Manufactured Gas Industry.”’ 

‘If I went to the grave to-morrow,’ said the President 
in conclusion, ‘‘ I could not want a greater tribute than is 
contained in those words.”’ 
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SECURITY OF 

MsM LOCKS IS 
YOUR REAL 
ECONOMY 





Long life and a 
secure one. That 
is what M&M 
locks offer you— 
and that is your 
real economy. 
The adoption of 
“cheap ”’ imitation 
locks is bad specu- 
lation—it’s costly 
and fallacious to 
consider them 
economical. With 
the new M&M 
patent Four Lever 
lock — recognised 
as the safest in the 
market—you have 
a sound, lasting 
piece of mech- 
anism...ready for 
long, trouble-free 
service. 





Beware of imitations 
—they may be flat- 
tering to us but they 
may prove costly to 
you. Look for patent 
number stamped as 
Skeleton Cap showing on the above 


Note.—The lever type 
lock is recognised as 
the safest type made, 
and used on the ma- 
jority of safes. An 
M & M_ lock with 


interior construction 
will be sent on request. 


M ITCH ELL 
& CO. 
& 3 & 5, Leighton Road 
London, N.W.5 


METER LOCKS 


SECURE ECONOMY-THROUGH LASTING SECURITY 


illustration. 
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Gas Markets and Manufactures 


Stock Market Report 


(For Stock and Share Lists, see later pages) 


Business on the Stock Exchange throughout last week was 
again on a big scale, and the Account just closed is believed to 
have been a record one. Among the many features the most 
noticeable was the spectacular rise in tin shares on the higher 
price established for the commodity. For the same reason 
copper and rubber shares were also very active, and despite 
profit-taking some good gains were recorded. The industrial 
section also had its full share of the increased business, and 
practically all quotations closed higher than a week ago. Satis- 
factory traffic returns gave a stimulus to Home Rails, and 
British Funds remained firm and steady. The result of the 
recent election in America led to big business on Wall Street, 
many issues reaching new high records, and heavy purchases 
have been made on this side of the leading American securities. 

There were no special features in the Gas Market, though, 
despite the feverish activity in other sections, the number of 
recorded transactions was very little below that of the previous 
week, and prices generally are being maintained. In the Lon- 
don List, the only upward movements occurred in Watford ordi- 
nary with a rise of 2 points to 1593, and in Tottenham 53% 
preference was a similar gain to 1324, but in several other i1n- 
stances, though prices were inclined to harden, the quotation 
closed unchanged. Gas Light units eased a further 3d. to 
26s. 9d., and another drop of 1 point to 95} occurred in Com- 
mercial ordinary, transactions ranging from 93-95. Reference 
was made in last week’s Report to the low price of the latter 
stock. a purchase of which, apart from the current high yield, 
should turn out a profitable investment. There were no move- 
ments at the Provincial Exchanges. but in dealing with these 
it may be of interest to note that at the time of writing a 
parcel of about £4,000 Liverpool ordinary is available at 137}. 
which, on a 6% dividend basis, the rate paid for the past eight 
years, gives a return of £4 7s. 3d.%. In the Supplementary List 
the only change of note was a gain of Is. in United Kingdom 
44°, preference to 23s. 





Current Sales of Gas Products 


The London Market for Tar Products. 
Nov. 9. 


The current position in the London Tar Products market is 
as follows: 

Pitch, nominal, at 35s. per ton f.o.b. 

Creosote, about 53d. 

Refined tar, 33d. 

Pure toluole, 2s. 4d.; pure benzole, 1s. 7d. to 1s. 8d.; 95/160 
solvent naphtha, about Is. 7d.; pyridine continues firm, the 
price for 90/160 being about 6s. 6d.—all prices per gallon naked 
at makers’ works. 


Tar Products in the Provinces. 
Nov. 9. 


The average prices of gas-works products during the week 
were: Gas-works tar, 18s. 9d. to 23s. 9d. Pitch—East Coast, 
32s. to 34s. f.o.b. West Coast—Manchester, Liverpool, Clyde, 
32s. to 34s.* Toluole, naked, North, Is. 11d. to 2s. Coal tar 
crude naphtha, in bulk, North, 8d. to 8id. Solvent naphtha, 
naked, North, Is. 4d. to Is. 5d. Heavy naphtha, North. 
Is. 13d. to 1s. 23d. Creosote, ex works, in bulk, North, liquid 
and salty, 43d. to 5d.: low gravity, 44d. to 43d. Heavy oils, in 
bulk. North, 5d. to 53d. Carbolic acid 60’s, 2s. 7d. to 2s. 8d. 
Naphthalene, £18 to £20. Salts, 90s. to 95s., bags included. 
Anthracene “‘ A”’ quality, 3d. to 33d. per minimum 40% purely 
nominal; “‘ B ” quality, unsalable. 


* All prices for pitch are now quoted on the basis of f.o.b. In order to 
arrive at the f.a.s. value at any port it will be necessary to deduct the loading 
costs and the tolls whatever they may be. 


Tar Products in Scotland. 
Guascow, Nov. 7. 


New business continues somewhat difficult more on account 
of shortage of supplies than lack of enquiry. Price fluctuations 
during the week have been infinitesimal. 

Crude gas-works tar.—The actual value is 34s. to 35s. per ton 
ex works in bulk. 

Pitch is not moving in any great quantity with prices un- 


changed at 30s. to 32s. 6d. per ton f.o.b. Glasgow for export, 
and 30s. per ton ex works in bulk for home trade. : 

Refined tar remains a dull item at 3d. per gallon f.o.r. for 
export, and 3}d. per gallon ex works in buyers’ packages for 
home trade. 

Creosote oil.—No material alteration has taken place with 
prices approximately as follows: Specification oil, 44d. to 43d. 
per gallon; low gravity, 43d. to 5d. per gallon; neutral oil, 4d. 
to 43d. per gallon; all ex works in bulk. 

Cresylic acid.—Available supplies are still readily sold at the 
following prices: Pale, 97/99%, 2s. 4d. to 2s. 6d. per gallon; 
dark, 97/99%, 2s. 1d. to 2s. 3d. per gallon; pale, 99/100%, 2s. 9d. 
to 8s. per gallon; all ex works in buyers’ packages. 

_ Crude naphtha is unchanged with available supplies command- 
ing 53d. to 6d. per gallon ex works in bulk, according to quality 
and district. 

Solvent naphtha.—90/160 grade is 1s. 43d. to 1s. 5d. per 
gallon, and 90/190 heavy naphtha is 11d. to Is. per gallon. 

Motor benzole is quiet at 1s. 2}d. to 1s. 8d. per gallon. 

Pyridines.—90/160 grade is 5s. 6d. to 6s. per gallon, and 
90/140 grade is 6s. to 6s. 6d. per gallon. 


Benzole Prices. 


These are considered to be the market prices for benzole at 
the present time: 


s. d. s ¢, 
Crude benzole o 84 to o 9g per gallon at works 
Motor _,, rs «8 ‘” ” " 
90% " 13 w» t 38 vs i 
Pure * > « tH ” " 





Contracts Advertised To-Day 





Boiler. 

Blackpool Gas Department. [p. 498.] 
Oils (Lubricating). 

Carlisle Gas Department. [p. 498.] 
Tar. 

Carlisle Gas Department. [p. 498.] 

Further Gas Undertakings’ Results 

Dundee. 


The annual report of the Engineer and Manager, Mr. John 
Wilson, upon the working results of the Dundee Gas Department 
for the year ended May 15, 1936, states that the quantity of gas 
made amounted to 1,891,636,712 cu.ft. of coal and carburetted 
water gas, compared with 1,845,844,940 cu.ft. in 1934-35, an 
increase of 45,791,772 cu.ft.; the gas sold, inclusive of that used 
on works, amounted to 1,785,628,625 cu.ft., compared with 
1,733,815,475 cu.ft., an increase of 51,813,150 cu.ft. Gas un- 
accounted-for amounted to 5°6% of the production, compared 
with 6°07% during the previous year. This year’s contribu- 
tion towards the repayment of capital debt amounted to 
£27,838, and after making allowance for new debt incurred, 
there is a net reduction of £13,717 on the amount outstanding. 
The outstanding loan debt on the Undertaking at May 15 
amounted to £306,623, equal to £162 per million cu.ft. of gas, 
compared with £320,341, or £174 per million cu.ft. of gas pro- 
duced during last year. Although faced with considerably in- 
creased expenditure for 1936-1937, the Department is in the 
fortunate position of not requiring to make any increase in the 
rates for gas. The cost of coal contracted for shows a rise of 
approximately 2s. per ton, while increases in wages and other 
commodities are almost general. 


Tain. 


Satisfactory progress is recorded in the annual report on Tain 
Gas Department. The amount of gas sold shows an increase of 
282,100 cu.ft., representing a value of £111. The bulk of the 
increase is attributed to consumers in new municipal houses. 
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@ Apply SCIENTIFIC CONTROL to 
the best advantage by adopting 


AVEIE MANY AETV ERS WASSISEIVIS 
OF MODERN GAS AND COKE PRODUCTION 





The West organization has co-operated 
with progressive Gas Undertakings in 24 
countries in their schemes of works modern- 


ization, plant renewal, and extension. 


Contracts placed with West’s Gas 
Improvement Company, Ltd., during 


@ GLOVER-WEST VERTICAL RETORTS 
the present year have included car- 
@ WESTVERTICAL CARBONIZING CHAMBERS bonizing plant installations for the Gas 
Undertakings of * Altrincham, *Bilston, 
@ BREEZE-FIRING PRODUCER EQUIPMENT "Carlisle, *Dudley, Worcester, and 
RY PLANT "Yeadon, in England ; *Dumbarton, 
@ WASTE-HEAT RECOVERY PLANTS *Grangemouth, and Kelso, in Scotland ; 
@ THE WEST LIP-BUCKET CONVEYOR “Ballymena, in Ireland, and *Johannes- 

WITH AUTOMATIC LUBRICATION burg, in South Africa. 
@ COKE GRADING AND PREPARATION UNITS * Repeat orders 


WEST’S GAS IMPROVEMENT COMPANY, LTD. 


MANCHESTER: ALBION IRONWORKS, MILES PLATTING LONDON: COLUMBIA House, ALDwycH, W.C. 2 


ASCO, ESTRAND, LONDON "’ 





MEMBRRG6 OF THE SOCIETY OF HRITISH GAS INDUSTRIES 
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STOCK AND SHARE LIST 


Official Quotations on the London Stock Exchange 


~~ Dividends. oa 


Stock When 
ssue or ex- 
Prev. Last 
Share| Dividend. Hf. Yr.| HE Yr. 
£ % p.a. | % p.a. 
|,767,439 | Stk.) Sept. 7 72 8 
374,000 +» June 22 4 4 
557.655 ” Aug. 10 7 7 
300.000 ' | Oct. § 1/93; 1/4 
179,305 Stk Aug. 10 94 94 
590,407 , ” 7 7 
493.960 ” - 6 6 
50,000 + June 22 3 3 
262.025 . ee 4 4 
335.000 - a 5 5 
357.900 ' Aug. 10 74 7h 
649.955 i 63 6) 
205,500 ” ~ + 6 
855.000 =. Oct. 5 8 7 
100.000 : June 8 7 7 
350.000 “ asi SA SA 
120,0C0 . an 4 4 
45C 000. A 5 5 
200,000 . a 3} 3A 
100,000 '!9 22May '33 ~ 4 
100,000 10  6Nov.°33 44 43 
150.000 Stk. June 22 4} 43 
626.860 , July _ 6 6 
237,860 June 5 5 
609,204 ) Oct. H -/11-48) - 11-48 
296,053 | ss 1/330 1/3-30 
1,775,005 Stk. Aug. 10 5 5 
620,000 ” June 8 3 3 
286.314 . Aug. 10 5 5 
807,560 ' Aug. 10 7 7 
644,590 Pa 5 5 
620.385 ” June 22 5 5 
239,000 Aug. 10 5 5 
184,555 Aug. 10 6 é 
176,211 June 8 5 5 
250,000 ! June 22 4 . 
250,000 | May 18 4 4 
19 284,128 | Stk. Aug. 10 52 53 
2,600,000 + ate 34 3} 
4.477.106 e 4 ry 
8,602,497 + May 18 3 3 
3,642,770 oo 5 5 
3,500,000. * 44 43 
700,000 ” Sept. 7 pe 25/5 
270,466 Aug. 24 6 6 
213,200 —. Aug. 10 6 6 
A ” Nov. 2 12 8 
223,130 = July 20 34 34 
285,242 Aug. 24 Bf gi 
11,751 > 10 8 
63,480 June 22 3 3 
75,000 ” May 18 11d 10 
392.000  — Oct. | 54 54 
231,978 Stk. Aug. 24 5 5 
818.657 ” a 6 4 
360,075 June 22 4 4 
148,955 ” a 5 ‘S 
125,000 — tuly | 34 34 
675,000 Stk. june 22 3 16 
225,000» Aug. 10 74 74 
396,160 » | Aug. IC 5 5 
300, ” Nov. 2 17 19 
416,617 ” June 8 8 8 
504,416 . Aug. 10 8) 83 
241,446 ” o 5 5 
73,350 és = 5 
114,000 eo July 20 5 5 
363.470 | Sept. 21 {/- 1/- 
454.510 | -/104 | -/10% 
133.201 Stk. Aug. 24 5 81 
000 10 june 8 134 4 
1,152,635 1 Sept. 7 1/2. 1/22 
845,51! ! x -/104 | -/10% 
00,000 ! o 4 4 
450,000 Stk. Aug. 10 4 4 
150.000 ” - eos 3! 
6,709,895 ” Aug. 10 64 5 
1,135,812 ” o 6 6 
850, ” x 4 * 
1,895,445 June 22 3 3 
| ,000 ” July 6 5 5 
1,543,795 » Aug. 10 ~ 6 
512,825 ” o 5 5 
500, ” ” 4 4 
888,587 °° June 8 5 5 
250,000 si. vo 4 4 
427,859 ! May 4 92 1/22 
160,523 I Oct. 19 -/10¢ | -/10% 
110,000 Stk. June 22 4 a 
647,740» Aug 10 54 5 
121,275 June 8 4 4 
350,000 _ ,, Aug. 10 54 54 
106,000 ” June 8 4 6} 
94,000 . os $35 ‘3 
1,076,490. Aug. 10 63 63 
835 » 54 54 
62,235» o 5 g 
371,850 . June 8 4 4 
369,774 ” Aug. 10 7 7 
106,330 . ” 5 5 
1,340,521 0 Aug. 10 7 7 
1,371,373. * 0 2 
O ” ” se | eee 
1,317,964 e June 8 i. & 
338,300 |, “4 ag 
499.735 ,, Aug. 10 73 7 
200,000 ° a 5 5 
200,000 ee 54 | SA 
200,000 ee June 22 4 4 
100,000 ” sie 34 
158.400 ,, | Aug. 24 6b 54 


o.—The quotation is per £1 of Stock. 


Stock and Share List continued overleaf. 


Alliance & Dublin Ord. 
Do. 4 p.c. Deb. 
Barnet Ord.7 pc. 
Bombay, Ltd. een 
Bournemouth ‘sliding scale ... 
Do. 7 p.c. max. 
6 p.c. Pref. 
3 p.c. Deb. 
4 p.c. Deb. 
5 p.c. Deb. 
Srigheen, &c., 6 p.c. Con. 
Do. 5 p.c. Con 
Do. 


6 p.c.‘B* Pref. 
British Ord. ... ° ° 
Do. 7 p.c. Pref 
Do. 54 p.c. ‘B’ Cum. Pref. 
Do. 4p.c.Red. Deb... 
Do. 5 p.c. Red. Deb. 
Do. 34 p.c. Red. Deb. 
Cape Town, Ltd. “ 
44 p.c. Pref. 
43 p.c. Deb. 
cardi Con. Ord. 
5 p.c. Red. Deb. 
Colonial Gas Assn. Ltd. Ord. 
Do. 8p.c. Pref. 
Commercial Ord. .. 
Do. 3 p.c. Deb. 
Do. 5 p.c. Deb. 
Croydon sliding scale 
Do. max. div. ... 
Do. 5 p.c. Deb.... 
East Hull Ord. 5 p.c.... 
East Surrey Ord. 5 p.c. 
Do. 5 p.c. Deb. 
Gas Consolidation Ord. 
Do. 4p.c. Red. Cum. Pref 
Gas Light & Coke 4 p.c. — 
Do. 34 p.c. max. 
4 p.c. Con. Pref. 
3 p.c. Con. Deb. 
5 p.c. Red. Deb. 
44 p.c. Red Deb. 


Do. 3i pc. Red. Deb. 


Harrogate New Cons. 


Hornsey Con. 33 p.c. em 
Imperial Continental Cap. 
Do. 34 p.c. Red. Debs. 
Lea Bridge 5 p.c. Ord. 
Maidstone Gas 5 p.c. Cap. Stk. 
Do. 3p.c.Prp.Db.Sk 
Malta & Mediterranean 
Metropolitan (of Melbourne) 
54 p.c. Red. Deb. ... 
M.S. Utility *C’* Cons. 
D 


2. 4 p.c. Cons. Pref. 
Do. 4 p.c. Deb. 
Do. 5 p.c. Deb. 


Do. 34 p.c. Rd. ~ Bds. 
Montevideo, ‘Led. 
North Middlesex 6 p. ¢. Con. 
Northampton 5 p.c. max. 
Oriental, Led.. 
Plymouth & Stonehouse5 p. ‘e. 
Portsmouth & Gosport Cons. 
Do. 5 p.c. max. 
Do. 5 p.c. ~'n 
Preston 5 p.c. Pref. . 
Severn Val. Gas Cor. Ld. Ord. 
+ 44 p.c. Cum. Pref. 


* Shrewsbury 5 p.c. Ord. 


South African.. 

South East’n Gas Cn. td. Ord. 
Do. 44 p.c. Red. Cum. Pref. 
Do. 4 p.c. Cum. Pref. 

Do. 4 p.c. Red. Deb. 
Do. 34 p.c. Red. Deb. 
South Met. Ord. 


Do. 6 p.c. Irred. Pt... 
Do. 4 p.c. Irred. Pf... 
Do. 3 p.c. Deb. 

Do. 5 p.c. Red. Deb. 
South Suburban Ord. 5 DiE-< 
Do. 5 p.c. Pref... 
Do. 4 p.c. Pref... 
Do. 5 p.c. Deb... 
Do. 4p.c. Deb... 

S. Western Gas & Water Ord. 
Do. 44% Red. Cum. Pref. 
Do. 4% Red. Deb. ee 

Southampton Ord. Py O46. 

10. p.c Deb. 

Swansea 3} p.c. Red! Perel. 
Do. 64 p.c. Red. Deb. 
Do. 34 p.c. Red. Deb. 

Tottenham and District Ord. 
Do. 54 p.c. Pref. ... 
Do. 5 p.c. Pref. ... 
Do. 4 p.c. Deb. 

Uxbridge, &c., 5 . . ae 

Pref. ... 

Wendewerds Consolidated pee 
Do. 5 p.c. Pref. 
Do. 4 p.c. Pref. 

o . Ly > cg 

Watford and se. “eae "hii 
Do. 5 p.c. Pref. : 
Do. 54 p.c. Pref. ... 
Do. 4 p.c. Red. Deb. 


Do. 34 p.c. Red. Deb. 
Winchester W. "6. 5 p.c. Con. 


For year. 





Quota- 
tions 
Nov. 6. 


167—172 
4—99 
167—172 


148—153 
84—89 


105—110 
125—130 
168—173 
153—158 


20/6—22/6 
19/-—21/- 
26/3—27 30 


118—123 
110—115 
21 —23/- 
21/-—23)- 
145—150 
4—5 
26/-—29 - 
21/-—23 - 
20 6—21/6 
103—105 
100—102 
116—119 
145—150 


21/6—23/6 





120—125 


§ Actual. 


Rise 
or 
Fall 
on 
Week 


etl 


~ 


“t. 


b.—Paid £3, including 10s. on account of back dividends. 
+ Paid free of income-tax. 


Transactions, 
Lowest and 
Highest Prices) 
During the 
Week. 


26 103—27,3 


129} 


149 
158 


9395 


1603162 
1191195 
125—128 

1094 


203 
26 4;—27/12 
1163—1163 


ewe 


1613—1663 


105—106 
77—80 
169— 1714 
173 
116 
22/6—22,9 

22.9 
28/3—28/9 

22/3 

21/6 
1173—119 


87—873 
I sit 164 


153155 
131—133 


107 
123 
125 


157—161 


* Ex div. 
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There's only one 


(Pe 


ee tne -TO- 


ermac/ 


METAL JOINTING MATERIAL 








‘Permac’ Joint in a Gas Works. 








** Peymac” Join s in a Gas Works. 


‘6 Peymac”™ 
Joints 
ma 

Gas Works. 





Be sure you 
| set it! 


** Permac” makes leak-proof 
joints which last till you, 
want to break them down. 

For over 25 years it has been 

holding up difficult joints in 

important Gas Works and on 

Coke Oven Plant all over the 

country. Here are a few 

photographs. Beware of 

cheap imitations. 


Sole manufacturers : 


THOMAS « BISHOP 


37, Tabernacle St. 
LONDON, E.C. 2 


Telephone: Clerkenwell 


( 1056" 
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STOCK AND SHARE LIST—cont. 
Stocks Officially Quoted on Provincial Exchanges 
Dividends. | Rise Transactions, 
Stock When Quota- or Lowest and 
lesue. or ex- Prev. | Last NAME. tions Fall Highest 
Share Dividend. pF Yr. HE. Yr. Nov. 6 on | During the 
o o Week Week. 
£ 4 pa. % pa. 
BRISTOL EXCHANGE. < 
- Stk.{ July 20 6 5 Bath Cons. sr eae 
1,667,250 ,, July 6 5 5 |Bristol, 5 p.c. max. ... 120—122 
120,420 « June 8 4 4 Do. Ist 4 p.c. Deb. TOL t03h 
217,870, ~ 4 4 Do. 2nd 4 p.c. Deb. 1014 —103 
328.790 o e 5 5 Do. Sp.c. Deb. ... 124—127 
274,000 - Aug. 10 5 5 Newport (Mon.) 5 p.c. max.. 110—114 
13,200 12 Sept. 7 83 7 Pontyp'! Gas & W. 10p.c. ‘A? 3-13} 
13,600 10 ie 6 5 Do. 7p.c. B.” 12—12 
40,000 10 | o 6 5 Do. 7p.<.°C.° 12—124 
140,778 Stk. | Aug. 10 5 5 \Weston-super- Mare Cons. ... 112—114 
64,338 oo June 22 4 4 Do. 4 p.c. Deb. 100—102 
33,340, ma 74 7 Do. 74 p.c. Deb. 163—166 \ 
LIVERPOOL EXCHANGE. 
157,150 | Stk. Aug. 10 64 5 Chester 5 p.c. Ord. ... 107—112 
92,500 ,, June 8 4 4 Do. 4p.c. Pref. . 98—102 
32,540, - 34 34 Do. 34 p.c. Deb. 90—95 
41, ” * 4 4 Do. 4p.c. Red. Deb 99—103 
2,167,410 ee Aug. 24 6 6 Liverpool 5 p.c. Ord. 135—137 
245.5 oo June 22 5 5 Do. 5 p.c. Red. Pref ... 103—108 
106,083 ae July 6 4 4 Do. 4 p.c. Deb. ne 104—106 
106,260 =, July 20 10 0 Preston ‘A’ 10 p.c. 198—208 
163.219; é 7 Do. ‘B’7 p.c. 137—147 
NEWCASTLE EXCHANGE. | 
122,877 Stk. Aug. 10 8 8 Blyth Sp.c. Ord... ene 153—155 
732,000 «o Aug. 10 5 5 Hartlepool G. & W. Cn. &New 124—126 
2,061,315 oo Aug. 10 52 5 Newcastle & Gateshead Con. 28 /-—28/6a | 
682,856 mm - 4 4“ \ 4 p.c. Pref. 103—105 
776.706 3. June 22 34 34 Do. 34 p.c. Deb. 99—101 
277,285 eo May 4 5 5 Do. 5 p.c. Deb. "43. 108—109 
209,820 io Aug. 10 84 84 South Shields Con. 172—174 
299,542 Aug. 10 6 6 Sunderland 6 p.c. max. 132—134 
NOTTINGHAM EXCHANGE. 
542,270 Stk.| Aug. 10 10 7 (\Derby Con. ... 185—190 | 
55, “a June 22 4 4 Do. 4p.c.Deb. .. 100—105 
#750 ~—Ci,, Feb. 17 5 12 loss Eaton ‘A * Ord. en | 
50,000 o ” 4 10 *B* Ord. 
10,000 10 June 8 5 5 De. 5 p.c. Pref. i0—!2 | 
90,000 Stk. » 5 a Do. 5 p.c. Deb. 117—122 
SHEFFIELD EXCHANGE. 
| 
10,000 Stk. Aug. 10 10 10 Great Grimsby ‘A’ Ord. 220—230 oo 
6,500 ,, = 10 10 De. *B’ Ord. 220—230 ity 
79, ” o 10 10 Do. *C’ Ord. 205—215 ° } 
1,806,339 os Aug. 24 6 6 Sheffield Cons. 146—148 
95, . July 6 4 4 Do. 4p.c. Deb.. 102—105 eee | ose 
a The quotation is per fi of Stock. 
Supplementary List of Stocks and Shares not Officially Quoted 
202,152  Stk.| Nov. 2 5 25/-a Ascot Ord. ... ‘ 118—123* -2 
128,182 on July 6 <i . = Do. 5Sp.c. Pref. .. 115—120 cco 
238,631 1 June 8 5 5 Aasd. Gas and Water Ord.. 21/-—23/- on | 
323,681 | - 44 43 Do. 44 p.c. Cum. Pref. .. 21/6—23/6 | ee 
150,000 Stk. Sept. 2! ates 3} Do. 34 p.c. Red. Deb. ... 101 ‘ 
17,000 |, Aug. 24 8 8 Bognor Orig. Ord. ‘A’ 175—185 . 
62,210 * °° 8 | 8 Bo. New Addi. ‘A’ 175—185 . | 
87,160 * o Ae Be Do. New 7 p.c. max. ... 145—15S0 ig. | 
37,440 a Aug. 10 io )6|| «C68 Cam.Univ. & Town 10 p.c.max. 205—215 | é | 
125,970 ” 7 7 Do. 7 p.c. max. 155—160 ‘ } 
39025 ° 5 5 Do. 5 p.c. max. 108—113 . 
65,000, Aug. 10 8 |. 7 Eesebourne ° A’S p.c. i75—180 |. oh 
198,000 _,, 0 a Do * 3h p.c. ... 142—147 ‘ 144 
142,312 oo ° - % 5 Do. “Vt, ‘Pref. 118—123 | ° | ana 
130,000 ° June 22 5 5 Do. 5 p.c. Deb. .. 124—129 ‘ | 
24,000 30 Aug. 10 84 84 Great Yarmouth ~ Ne Pp. ‘. max. 51—56 . 
59,400 30 . 7 7 Do. Hy) p.c. max. ; 42—45 ‘ 
$1.160 Sek.| June 8 54 54 Do. .c. Deb.. 123—128 : 
152,600 o Sept. 7 8 8 Guitiord ‘ons. o 182—192 a" 
54,055 % - 5 5 5 p.c. Pref. ... 114—119 | . 
68,250 a June 8 5 5 Bs: 5 p.c. Deb. ... 120—125 | . 
156,600 ,, Aug. 24 7 74 Hampton Court Cons. 173—178 A | 
107,960 10 Oct. 5 54 4 Mid Kent Ord. 1o—I1 « 
230,940 Stk. Aug. 10 10 10 Oxford & District Ord. 210—220 
47,112 - - 5 5 Do. 5 p.c. Pref. ... 118—123 | 
50,000 os ve 6 6 Do. 6p.c. Red. Pre 113—118 | 
126,193, May 18 74 75 Peterborough Ord. ... . 160—170 
64,990 ,, | Sept. 7 6! 74 Redditch Ord. - | 133-143 | 
166,850 , Aug. 10 9 8 Romford Ord. sie : 168—178 
60,000 ,, - 4 4 Do. 4p.c. Pref. ... 7— 
44,000 ie Sept. 21 5 5 Do. 5 p.c. Deb. 120—125 | 
10,950 ° Aug. 24 8 8 RydeOrd. . 165—170 | 
136,191 o Aug. 10 7 5 Scarborough ont... Rte 126—136 esd 
27,625 Aug. 24 8 8 Shanklin & Ventnor Cons. ... 180—190 pe 
40,643, Sept. 21! 7 7 ‘Slough pw ie 156—161 |... 
221,000 ,, | June 22 s 5 Do. 5p | ete | .. 4 
28,872 i Nov. 2 54 54 6S. Midland (7x denice. Ord. 22/-—24/-* —-/6 
28,866 ' | Sept. 7 4) 4} Do. 44 p.c.Red.Cum. Pref. 22/-—24/- | 
137,730 Stk.| Aug. 10 7 7 Southgate & Dist. Tp.c.max. 151—I56 
2'500 ,, 5 5 Do. 5 p.c. Pref. 120—125 | 
417,228 e Aug. 10 6 5 Swindon Cons. . 10—1I5 | 
60,425, June 22 5 5 Do. 5p.c. Deb. .. 120—125 | “a 
64,380 —,, June 8 5 5 Torquay and Paignton 5 p.c. Pf | 117122 
750,000 ! Oct. 5 5°52d.¢a 4 Utd. Kingdom Gas Cpn.Ord. 21/6—22/6 ... | 21/74—22/ 3 
468,574 ! = 24 23 Do. 44 p.c. Prefd. Ord.. 20/-—22/-* | ... /20/104—21/- 
935,902 || May 18 2} “ De. 44 p.c. Cum. Pref... | 226-236 | +1| 23/—23/3 
000 Stk. Sept. 2! 34 3 34 p.c. Red. Deb. 99—102 +1 | 10 
130,000 | ,, | Aug. 10 a 5° Waketeld Ord. 100—145 |. na 
81,650 ,, oo 5 5 . 5 p.c. max. 105—110 | ... | “ 
82,000 pa July 20 6 6 Weymouth Ord. 110 | ooo pie 
98,384 o Aug. 10 6 6 Wolverhampton 6 Pl c. Pref. 127—132 ° a 
160,000 = June 8 54 54 Do. ¢.Rd.Db 107—112 ° te 
370,000 a July 20 a 4 York Cons eee Hhi—tlé ° a 
ooo; . June 22 5 5 Do. Sp c. Red. Deb. 107—112 ‘ nd 
133,640, July 20 64 64 Yorktown "Cam. ) yes ¢. Cone. 130—135 © i 
120,000 =, 0 5 5 De. 5 p.c. Pref. 118—123 o 
35,000 ~ | june 22 54 54 Deo. 54 pc. Deb... 130—135 | 7 
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“Modern 
Gas Fitting” 


PART VI. 
of 
Gas Fitting Pamphlets 


Another of the Popular Series 


of reprints, in booklet form, of the 
articles on “ Modern Gas Fitting,” 
contributed monthly to the 


“GAS SALESMAN ” 
by 
R. N. LeFevre, M.Inst.Gas E. 


Officer-in-Charge of Training, The Gas Light 

and Coke Company, Assistant Head of 

Department of Gas Engineering and Supply, 
Westminster Technical Institute. 


POST FREE PRICES: 
Single Copies, 6Gd.; 5/6 a dozen. 


Quantities of 100 for 35/-, 
carriage 


plus 


WALTER KING, LTD., 


11, Bolt Court, Fleet Street, 
London, E.C. 4 
Parts | to V have been re 


printed, and can also be supplied. 





























